真菌が生産する新規生物活性物質の探索 by 山﨑, 寛之 et al.
 
 
 
 
	
 
 
 
 
 
 
 
 
2011 
 
?  
 
 
 
 1 
M- 
 
??   -4- 
 
??   -8- 
 
? ? ?? ??????????????????    -13- 
 
A 19 /U       -14- 
 
A 29 FKI-3765-1"4+ pentacecilideT	BR56
'=7 -18- 
  2-1 FKI-3765-1"	4+HP
 pentacecilideT	BR56 
  2-2 PentacecilideT	'=7 
   2-2-1 Q E21 
   2-2-2 JL'=7 
   2-2-3 S?'=7 
 
A 39 PentacecilideT	,KDC8;)O  -28- 
  3-1 G,KDC8	$* 
  3-2 ,.43@% 
  3-3 	>	4I!2 
 
A 49 PentacecilideT	)OF7     -30- 
  4-1 	N<@% 
  4-2 Acyl-CoA: cholesterol acyltransferase (ACAT) @% 
 
A 59 (*       -33- 
 
? ? ?? ?????????????????? ? ? -37-?
 
A 19 /U       -38- 
 
A 29 FKI3765-2"	4+&#:0I.	BR56
'=7 -46- 
 2 
  2-1 FKI-3765-2 ;0JS:N2GU<= 
  2-2 XanthoradoneX(C> 
    2-2-1 TH:8 
    2-2-2 (C> 
  2-3 RugulosinX(C> 
    2-3-1 TH:8 
    2-3-2 (C> 
    2-3-3 VD> 
  2-4 MitorubrinX(C> 
    2-4-1 TH:8 
    2-4-2 (C> 
 
F 3? GU*N'!@7-R     -61- 
  3-1 XanthoradoneX:B#-R 
    3-1-1 XanthoradoneX6'$: 
    3-1-2 
P	:B#L 
    3-1-3 KWD"5P	:L+QI: 
    3-1-4 XanthoradoneX6'$,E	:B#L 
  3-2 RugulosinX' MRSA: 
    3-2-1 
P	:L 
    3-2-2 KWD"5P	:L 
    3-2-3 Jurkat+QE	+QI: 
  3-3 MitruibrinX Candida albicansE	'9$:B#-R 
 
F 4? ).  -65- 
 
A  -70- 
 
3&M  -73- 
 
41  -88- 
 
/)O%  -89- 
 3 
	       -102- 
 
	       -104- 
 
 4 
  
ABC  : ATP binding cassette 
ABK : arbekacin 
ACAT : acyl-CoA: cholesterol acyltransferase 
ACS : acyl-CoA synthetase 
AMPH-B : amphotericin B 
apo E : apolipoprotein E 
ATP : adenosine triphosphate 
ax : axial 
BSA : bovine serum albumin 
CaMDR : Candida albicans MDR 
CD : circular dichrosim 
CD36 : cluster of differentiation 36 
CDR : Candida albicans drug resistance 
CE : cholesteryl ester 
CHO : chinese hamster ovary 
CoA : coenzyme A 
COSY : correlation spectroscopy 
CPFX : ciprofloxacin 
DEPT : distortionless enhancement by polarization transfer 
DGAT : diacylglycerol acyltransferase 
DMAP : N,N-dimethyl-4-aminopyridine 
DMEM : Dulbecco's modified Eagle medium 
DMF : N,N-dimethylformamide 
DMPPC : methicillin 
DMSO : dimethyl sulfoxide 
DNA : deoxyribonucleic acid 
EM : erythromycin 
ER : endoplasmic reticulum 
eq : equatorial 
ESI-TOF : electron spray ionization-time of flight 
FAB : fast atom bombardment 
FBS : fetal bovine serum 
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5-FC : flucytosine 
Fig : figure 
FLCZ : fluconazole 
F-FLCZ : fosfluconazole 
fr : fraction 
GGTase I : geranylgeranyltransferase I 
GlcNAc : N-acetylglucosamine 
HDL : high density lipoprotein 
HIV : human immunodeficiency virus 
HMBC : hetero-nuclear multiple-bond connectivity 
HMG : 3-hydroxy-3-methylglutaryl 
HMQC : hetero-nuclear multiple quantum coherence 
HSQC : hetero-nuclear single quantum coherrence  
HPLC : high performance liquid chromatography 
HR : high resolution 
HIA : heart infusion broth agar 
HTS : high-throughput screening 
IC50 : 50 % inhibitory concentration 
IPM : imipenem 
IR : infrared 
ITCZ : itraconazole 
IVH : intravenous hyperalimentation 
L-AMB : amphotericin B (liposomal) 
LDL : low density lipoprotein 
LPDS : lipoprotein deficient serum 
LC-UV : liquid chromatography-ultraviolet 
LC-MS : liquid chromatography-mass spectrometry 
LZD : linezolid 
MCFG : micafungin 
MCZ : miconazole 
MFS : major facilitator superfamily 
MDR : multidrug resistance 
MIC : minimum inhibitory concentration 
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MHA : Muller-Hinton agar 
MHB : Muller-Hinton broth 
MRSA : methicillin-resistant Staphylococcus aureus 
MS : mass spectrometry 
MSSA : methicillin-susceptible Staphylococcus aureus 
MTPA : !-methoxy- ! -(trifluoromethyl)phenylacetic acid 
MTT : 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphyenyl-tetrazolium bromide 
MurNAc : N-acetylmuramyl 
NCCLS : national committee for laboratory standard 
NITE : National institute of technology and evaluation 
NMR : nuclear magnetic resonance 
NOE : nuclear overhauser effect 
NOESY : NOE correlated spectroscopy 
ODS : octa decyl silyl 
PBP : penicillin binding protein 
PBS : phosphate buffered saline 
PL : phospho lipid 
PS : phosphatidylserine 
P/S : penicillin/streptomycin 
SDS : sodium dodecyl sulfate 
SM : streptomycin 
SPF : specific pathogen free 
SRE : sterol regulatory element 
SREBP : sterol regulatory element-binding protein 
Rf : rate of flow 
Rh6G : rhodamine 6G chloride 
RNA : ribo nucleic acid 
rpm : revolution per minute 
TC : tetracycline 
TEA : triethanolamine 
TEIC : teicoplanin 
TG : triacylglycerol 
TLC : thin layer chromatography 
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TMS : trimethylsilyl 
Tris : tris(hydroxymethyl)aminomethane 
TSST-1 : toxic shock syndrome toxin 1 
UV : ultraviolet 
VCAM : vascular cell adhesion molecule- 
VCM : vancomycin 
VISA : vancomycin-intermediate Staphylococcus aureus 
VLDL : very low density lipoprotein 
VRCZ : voriconazole 
VRE : vancomycin-resistant Enterococcus 
VRSA : vancomycin-resistant Staphylococcus aureus 
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Fig. 1 Comparison of structural diversity among drugs, natural products and combinatorial 
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Fig. 2 Known and estimated number of biological species 
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Æ0/éWÅ#*#",Ĝ20.Ú²3
R`îÃ0/ 22)Ý:M<@NLÜ3á_/āĂ
µÞ-#w°3Ëj/āĂpÎ#Æ3Ëj/āĂ,%Ú²#îÃ3Ï
Á/āĂ#
-0/©"ė¶ď-0/Ý#:M<@N
Lá_Ċ(:M<@NLÇÆËj/EJD<>?O,%;O
D<>?O 23)! #<>?OUĊôz-0/0-$À#Ö«ú,.ï
0 compactin + mevinolin 24)#ČèÕ/:M<@NL$5=?L CoA 3t
¨ 20 ÂÛh#Êñ\3ÇÆ0/0-#UĊô$#ÇÆ"
/ēÑÊ#V/ 3-C6BN8;-3-I?L9L>KL-CoA (HMG-CoA) q
Ê3Ëj/#<>?OUĊô$çą`#ĎĄ+¥ĕ3ćâ"ė¶*
 ď0/çą`§m#*#ù.ùâ!ĐW",ï¸
/Ô+(<>?OĊ'4 c3¦!¸Ę*Ó
/-©"$ 30~40%ï¸đÄc3¦!»*/û
/ 11)-"#1W$fĆ0!<>?O",/SÞ¹
j+]ĉ~čf¸÷ď*ĈÙ!/ 11)Vā:M<@NL#w°
3Ëj/Ċ$!-;A<@NL ď0/_Ēæ#÷ď.
# ď$-0/:M<@NL#R`îÃ3ÏÁ/Ċ$:M
<?JGO"Öò0/X67On®¢àë ď0/Vê.#øďĖ
Ô "	ä/ 25)	Ċ+÷ď! #ĈÙ3$)
ę`ªe3ñZ#Ċ#¯Đ$(((/ĎÌ0¿ďu
´3ċ/çą`#ĎĄ¥ĕĊ#gïªeâ"x)-0/ 
 -"Ý:M<@NLÜ#º·çąÿóĀ" #,	"r2/
	ĈÙ$Tåâ§m/bÒÅ:M<@NL¸ (familial hypercholesterolemia) 
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d º b)z#* 26) d À!l£7Q:@RP É 
+¥Â­OJ=SE5 (LDL) .w¿²*t$UZ+`§.¤a+È
 (LDLÈ)  V«©k+½LDLÈ k&
f-),) d!¸ 0@RL°ÃqZ. º¾ g
!Ì 7Q:@OP2:@P (CE) .¡ w¿²¹Y´%),+ 
 nxr
),	+0@RL°ÃqZª	`§. Fig. 3~
l£ LDL ]+LDL [) ¾ (yZ0;?PZKRS90PA
FCZ¯Zr
),+Ä)!	) .+ 27)¾ LDL !
&!' LDL È!*t#,K5RG/9xU¼.j+
Åc.}:3IS9MÈ.aw¿²*t#,+º¡+K5
RG/9!lX£ iÇÊ w¿*le²¹w¿¸n+ Vascular cell 
adhesion molecule (VCAM) ® ¢½{.ale²¹w¿)°Ãle²Á
³+r
),	+:3IS9MÈ!¾ LDL  $)sBO6
O;OClÎd¸+ !-VLDL28)' \ W¬_.Æ+s½{ (K
Q1PZ BSAJO1D8SyA4:BNSËyG71>SyOJ<L
) .o´+#2SCB48S.´+)U¼ j0JB8
:w¿&´+)Í·¼»É¼ j&ÉÅc.^	+
~u,	+ 29)1979µ Brown Goldstein(*:3IS9MÈ 
x|¨, 30)1990 µ Kodama )(*v5N: A =1H I ("=1H II
:3IS9MÈ±¦,TÊ 31)nx#5N: B (CD36 32)sÂ­OJ
=SE5  (HDL) Èh¶	+Ä) SR-BI 33)
Drosophila melanogaster)¸m,5N: C34) p U+:3IS9M 
ÈÄ), £&5N: A(" CD36!°ÃqZ 
Fig. 3 Step in atherogenesis 
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 Ø
/é- 
/ 35, 36)Ô ~ÓèhXH\ÓÝ
õò0
/ apoELF:47IU7@ - :Z@ A@9S_?Y£ñÂ
2EP\LF:47IU7@"apoE LF:47IU7@,.Óèh¾!Ä
¬/ë 50%¬
 37!"Óèh¾":Z@ A
@9S_?Y£ñÂÒ

/2/*!	/':Z@ A @9
S_?Y£ñÂ!LF:47IU7@" Listeria monocytogenes (Å¨R\T@76\
@ I) !u» Ã/u£´Àj/á0.¥ æ!êr2î

/*é-
/ 37- ~"wÕÚä±*
h LDL2¡.)£ñÂ2Ø
/á0
/ 38LDL£ñÂ"
äÕ<]@G^\ÖÑ®­/Ü!O5JMF: ,.Øô-0ä
Õ!<]@G^\÷2Ìg/
Ê¶{Ò
.0 " LDL £
ñÂbÐ!Q^XDøc Á/ sterol regulatory element (SRE) ×ù!ø
c /D_N: SRED_N: (SRE binfing protein (SREBP)) yð

/é-
/ 380 Ã@9S_?Y£ñÂú"
!,äÕ<]@G^\÷ ,/Ê¹{à´ LDL 2³
¡.(  <]@G^\2 CEäÕ!ìÎ `¯ È¸/ /
- U:^O3?+[_N|-¢!=6I96_â¦0!kß
t}ä*ÓèwÉç-Õç aÏvà´ LDL 2¡.)
Ç-0
/!, U:^O3?+ßt}ä /`¯åÎ!È¸ 
(  CE) Óèh¾!©zÆp (-0/-0-Óèh!e!d
	/é-
/ 39-41 
 Fig. 4 U:^O3?Õ 
åÎÈ¸0/lÍ2à´ LDL
"@9S_?Y£ñÂ2m8_J=6I>@ ,.¡.'0- [CC
V a-j²Þn2£CE "ïöå<]@G^\ àv0
I[4>\;[B^\TG,$[_ (PL) "ïöå+;[B^\
,$XL4>\;[B^\ àv0/«äÂ (ER) "Ëå ,/8@
G\hÙfsØ 10
/-0<]@G^\"i-!í¿{ ,
.[CCV- ER a4>\ CoA<]@G^\4>\Ïa¼ (ACAT) 
 ,. CE 2·µ/dãER ·µ0?4>\;[B^\"?4>\;
[B^\4>\Ïa¼ (DGAT)  ,. TG %àv0/!, ·µ
 CE+ TG  åÎäÕ È¸0/-0
/º §&
, !åÎ!È¸lÍ"Óèh©zÛ¾x0/¤óª!d
	.!È¸lÍ!½q2oØ0#°
òW9KAV2î/Óè 
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Fig. 4 Process of lipid droplet accumulation in macrophages 
 
+wrJ{vke
2]  
 i8	s;5Gqd7V!'"#)&($QA>g
LBpm,9 14!x[/C!lWnH=`E-c
%*"fRoz T6 Penicillium cecidicola FKI-3765-11hI^KFna
s0U!<MpentacecilideutS4+@n!_z (Fig. 5)sP
S4+@nWFjy_zXY?\:bWn0UDx3O.Z
N 
 
 
 
 
 
 
 
 
 
Fig. 5 Structures of pentacecilides discovered from assay system of lipid droplet accumlation 
in macrophages 
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N 2G FKI-3765-1/B7 pentacecilidebO`CD4J,E  
 %)"S=Z`?2 Penicillium cecidicola FKI-3765-1/ (Fig. 6)U9M
;7YQ'#(&!$T8\RPFI-.A ^>1+5Y pentacecilide
b X3 (Fig. 7)Pentacecilideb2007V
 Dethoup 42)[6 thailandolide A
 B (Fig. 7) 4Jb*K	thailandolide
b:@]?2	B7U9M;7YQO
`]G
 pentacecilideb
B7W_O`CDHLaK 04J
,E<
Fig. 6 Scanning electron micrograph 
of Penicillium cecidicola FKI-3765-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7? Structures of pentacecilides and thailandolides 
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-OAc -H
-H -HA
B
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-OH -OHD
Thailandolide A Thailandolide B
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2-1 FKI3765-1>^Jq pentacecilidef_` 
 Pentacecilide ^JOFvSQq"Z
q^Jq"ai
q 2g:H 
 Scheme 1 <]"Lu pentacecilide _`{"15 o@$+
3#y"	qh (1000 g) q"H	<]wN"#*.5[K%,4
VkUb=Y}XcwN (1.78 g) "ncwN"&(+-)4)3
4 (ODS) '21Aj#*./.34\ (30, 50, 70, 100% #*./.34\
~8 ; 250 mL x 2) ~rC~UIRlODS'21"	 HPLC  ('
21PEGASIL ODS 620250 mm7md70 #*./.34\~8e8.0 
mL/minEUUV at 210 nm) "	fr. 7 (1t| 100% #*./.34\~8~
U9xn!cwN (51.3 mg)) _`"H	Fig. 8M 30x 27x~U
 0("BzxPpT?G sYDW pentacecilide A (4.48 mg) 
B (11.7 mg) "f1t| 70% #*./.34\~8~U9xn
!cwN fr. 5 (172 mg) "ODS'21"	 HPLC ('21PEGASIL ODS 620
250 mm7md55 #*./.34\~8e8.0 mL/minEUUV at 210 
nm) "	_`"H	Fig. 9M 24x 15x~U 0("BzxP
pT?G sYDW pentacecilide C (56.6 mg)  D (5.11 mg) "f 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1? Fermentation of P.cecidicola FKI3765-1 and isolation of pentacecilides 
 
Shaked (210 rpm, 27°C, 3 days)
Static (27°C, 15 days)
Acetone extract
EtOAc extract
ODS column chromatography; 250 mL x 2
CH3CN/H2O (30/70, 50/50, 70/30, 100/0)
Seed culture 
(100 mL, flask, seed medium)
Main culture 
(1.0 kg, flask, production medium)
Whole broth (1000 g)
EtOAc layer (1.78 g)
HPLC (PEGASIL ODS 20 x 250 mm)
55% CH3CN 0.050% TFA, 8.0 mL/min
70/30 -1 (fr. 5, 172 mg)
Pentacecilide D
(5.11 mg)
Pentacecilide C
(56.6 mg)
HPLC (PEGASIL ODS 20 x 250 mm)
70% CH3CN 0.050% TFA, 8.0 mL/min
Pentacecilide B
(11.7 mg)
Pentacecilide A
(4.48 mg)
100/0 -1 (fr. 7, 51.29 mg)
Glucose
Polypeptone
MgSO4?7H2O
Yeast extract
KH2PO4
Agar
pH
2.0    %
0.050%
0.50  %
0.10  %
0.10  %
0.20  %
6.0
Seed medium
Italian rice 50 g
Production medium
Water 100 mL
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Fig. 8? A chromatographic profile of pentacecilides A and B purification by preparative HPLC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9? A chromatographic profile of pentacecilides C and D purification by preparative HPLC 
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2-2 Pentacecilide~QdBa 
2-2-1 }AEl`^ 
 Pentacecilide~}AEl`^' Table 1 UVI]/7,2;	
pentacecilide A
# D&! 214~219 nm273~276 nm	" 309~310 nmKhI
]'YIR/7,2;Ba"$uASr~&!3401~3440 cm-1pL
_UGx|I] 1617~1747 cm-1pL*;84;Gx|I]Fe&
Pentacecilide A
# D&!m{}AEl`^'Y
#~?Qdr[
%yc& 
 
Table 1? Physico-chemical properties of pentacecilides A to D 
 
 
2-2-2 twQdBa 
1) Pentacecilide CQdBa 
 Pentacecilide C jsBo ESI-TOF-MS /7,2;	sW()=5, 
(m/z) 509 [M+Na]+ 'zRsBo ESI-TOF-MS/7,2;"$sWZ C27H34O8'z
#pentacecilide C Qd 1H	" 13C NMR	"C\ 2XO NMR'
GMk13C NMR /7,2;27 uib.-3;Fe&
#HSQC /7,2;"$&#ib6 P90;ib4 P90<=i
b2P sp390=ib1P sp290=ib3P sp3)+.90=ib3P
sp3VJib3P sp2VJib2P sp2)+.VJib	" 3P*;84;i
bs~& 1H NMR 33P_b.-3;Fe& 1Ps_
b.-3;_bNS`_UGx| (! 11.08) yc&#HSQCBa"
$ Table 2Y"_bibNS'HfsWZ"$!>_U
GgTyc& 
 1H -1H COSY/7,2;Ba
#Fig. 10Y 4PqsQd I
# IVg
Tv#
#n#&&&qsQd'!1H -13C HMBC
/7,2;Ba"$Fe&% 2J 	" 3J  1H -13C @D*16:=-'Ba 
(Fig. 11)H2-7’ (! 2.70, 2.85) 
# C-1’ (! 110.7)C-2’(139.3) 	" C-3’ (! 102.2) 
Pentacecilide A Pentacecilide B Pentacecilide C Pentacecilide D
Appearance White crystalline solid White crystalline solid White crystalline solid White crystalline solid
Molecular weight 412 470 486 444
Molecular formula C25H32O5 C27H34O7 C27H34O8 C25H32O7
HRFAB-MS (m/z )
                  Calcd.: 435.2147 (M+Na)+ 493.2225 (M+Na)+ 509.2151 (M+Na)+ 467.2045 (M+Na)+
                  Found: 435.2141 (M+Na)+ 493.2202 (M+Na)+ 501.2162 (M+Na)+ 467.2048 (M+Na)+
UV (MeOH) ?max nm (?) 219 (18647), 274 (11846), 309 (4194) 219 (33055), 274 (18226), 309 (4784) 214 (54432), 273 (32736), 310 (4947) 219 (34800), 276 (24700), 310 (11800)
[?]D26  -4.38o (c =0.38, CHCl3)  -32.6o (c =0.68, CHCl3)  -32.3o (c =0.48, CHCl3)  -51.4o (c =0.10, CHCl3)
IR (KBr) ?max  (cm-1) 3401, 1697. 1662, 1465, 1380 3440, 1747, 1727, 1666, 1475 3434, 1745, 1666, 1619, 1473 3426, 1712, 1666, 1617, 1473
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Fig. 10 Partial structures I to IV of pentacecilide C 
 
OH-4’ (! 11.08) 	$ C-3’C-4’(162.3) # C-5’ (! 103.5) # H-5’ (! 6.30) 
	$ C-1’C-3’C-4’ # C-6’ (! 159.1) hI
Gj'#%C-2’>
vwSi I6)5<VCPU
Dt'$C-8’>.9+</
63p (! 74.7) #bfPUL?&q[a/63 OH-4’ .9+</63
p(! 11.08) 	$C-3’> C-8’>H*02<PU(B!-:,3=VC(Oe
&
|g'1619~1666 cm-1uN*02<d+<84
<J{~ IR M]
Gj'	$"XZ'!-:,3=VCmW(`y
&H-8’ (! 4.62) 	$ C-10’ (! 169.9)  HMBChIGj
^}	n_
&
H-8’# C-10’HszE
 90°&T$'!HMBC hI
Gj
'	HMBC\Q&+17;=-rc( 8.0 Hz	$ 3.0Hz
xR&4J 1H -13C@F+17;=-Gj(Y PA|g
% H-5’	$ C-10’ 4J HMBChI
Dt'C-10’( C-3’> C-8’>H(P*0
2<d+<84<ofKklH2-11 (! 2.52) 	$ C-8 (! 79.0)H3-12 (! 1.23) 
	$ C-7 (! 71.8)C-8 # C-9 (! 43.0) H-7 (! 4.11) 	$ C-8# C-9H-9 
(! 2.23) 	$C-8C-10 (! 36.2) #C-15 (! 24.6) H2-6 (! 1.86, 2.18) 	$C-10
H3-15 (! 1.54) 	$ C-9C-10# C-1 (! 41.1) H-5 (! 1.82) 	$ C-4 (! 48.3)C-10
# C-15H2-1 (! 1.88, 2.20) 	$ C-3 (! 207.8)C-5C-10# C-15H3-13 
(! 1.14) 	$ C-3C-4C-5 # C-14 (! 25.7) H3-14 (! 1.20) 	$ C-3C-4C-5 
# C-13 (! 20.8) # H-2 (! 5.63) 	$ C-3hI
Gj'#%
I II
III IV
9ʼ
H3C C
O
H
C
H
H
C
H
H
C
H
C
O
H
C
H
H
C
H
C
O
H
C
H
H
8ʼ 7ʼ 11 9
7 6 5 2 1
! 1.55
! 4.62 ! 2.85
! 2.70 ! 2.52 ! 2.23
! 4.11 ! 2.18
! 1.86 ! 1.82
! 5.63
! 1.88
! 2.20
! 2.52
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{|Vm II 	! IV %P 3-*,3-5+?BYJo[
!	!
H-2 H3-17 (! 2.17) 	! C-16 (! 170.3) lO "'26,0Q
 C-2DSX
#
Kx$C-7D/<+@0:6q (! 71.8)  |]_ "h\Qo
[
!	!H-11	! C-1’C-2’  C-6’lO
Kx$C-8
  C-6’/<+@0:6q (! 79.0  ! 159.1) 
*,0pkqlw#
 "jb 2 {|Vm
9>BM%HSX#
!	
CfSG	!pentacecilide C 6FM>-6B:)8@9>BM 5+
?B # 5FMVm%#
!	"Fig. 7 Ru
~Vm|]_ z}v%"thailandolide A (Fig. 7)42)/<+@
0:6q C-2D%c&Es 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11 1H-1H COSY and 13C-1H HMBC experments of pentacecilide C 
 
2) Pentacecilide BVmIi 
 Pentacecilide B t|Iy ESI-TOF-MS 1;-6@|](*B9- 
(m/z) 493 [M+Na]+ %W|Iy ESI-TOF-MS1;-6@ "|]_ C27H34O7%
|]_ " pentacecilide B pentacecilide C "\kT] 1U|d

Kx$ (Table 1)1H NMR1;-6@ pentacecilide C ^

/<+@0:6q ! 4.11 sp3*,0=4Bhk0.7@ (H-7) 
e`g
/<+@0:6q ! 2.10=4ABhk0.7@
Nn$aZ1H-1H COSY
Ii "rL{|%P{|Vm V o[
!	"HMBC 1;-6@Ii	
!H3-12 (! 1.26) 	! C-7 (! 36.6)C-8 (! 78.1)   C-13 (! 48.5) H2-7 (! 2.10) 	
O
OH
O O
O
O
O
OH
I
II
III
IV 1
2
3
4 5 6 7
8
9
10
11
12
13 14
15
1’
2’
3’
4’
5’
6’
7’
8’
9’
10’
1H-1H COSY
HMBC
HMBC (4J)
16
17
 24 
 C-8H-9 (! 1.88) 
 C-8C-10 (! 36.6) 	 C-15 (! 24.9) H2-7 (! 2.10) 

 C-8H2-6 (! 1.68, 1.75) 
 C-10H3-15 (! 1.39) 
 C-9	 C-10	
 H-5 (! 1.77) 
 C-10\EBf 
XD^ 8.:
<Y[ (! 2.10)  7>H_  (Fig. 12a)=WJ@
pentacecilide BL]
" pentacecilide C 7-/3$1;'+aIe (Fig. 7) 
 
3) Pentacecilide AL]AZ 
 Pentacecilide A diAg ESI-TOF-MS ,6(09	iP$%<4( 
(m/z) 435 [M+Na]+ "lMiAg ESI-TOF-MS,6(09iPR C25H32O5"l
iPR pentacecilide A pentacecilide B#-0'+G?KiC2H2O2
UBf  (Table 1)1H NMR,6(09 pentacecilide BnQ
*7&9+50b ! 2.17#-.9Gkm8.9Y[+)29 (H3-17) V
S*7&9+50b ! 5.59 sp3%'+8.<Y[+)29 (H-2) *7&9+5
0b ! 2.44	 2.688.:<Y[+)29cC!TN1H-1H 
COSYAZcChi"FhiL] VI`Oj
HMBC,6(09
AZ
H3-15 (! 0.96) 
 C-1 (! 31.7) 	 C-10 (! 34.4) H-5 (! 1.88) 
 C-4 
(! 47.2) 	 C-10H2-1 (! 1.67, 2.06) 
 C-3 (! 219.6)C-10 	 C-15 (! 23.0) 
H3-13 (! 1.09) 
 C-3C-5	 C-13 (! 20.0) 	 H2-2
 C-3\
EBf 
XD^ 8.:<Y[ (! 2.44, 2.68)  2>H_
  (Fig. 12b)=WJ@
pentacecilide AL]" pentacecilide B 7-/#-
0'+aIe (Fig. 7) 
 
 
 
 
 
 
 
 
Fig. 12 1H-1H COSY and 13C-1H HMBC experments of pentacecilides A (b) and B (a) 
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4) Pentacecilide D:J3H 
 Pentacecilide D OS3R ESI-TOF-MS #+'.S?/) 
(m/z) 467 [M+Na]+ U;S3R ESI-TOF-MS#+'.S?B C25H32O7U
S?B pentacecilide D pentacecilide C$%.6 19S (C2H2O) D
	4Q (Table 1)1H NMR#+'. pentacecilide C
W@
	!,."*'N ! 2.17$%.6TV-%.GI" (. (H3-17) EC
	5KC-2!,."*'N (! 69.9) S?B C-21G
>6L=	A<0F82pentacecilide D:J pentacecilide C
7-&$%.M7P (Fig. 7) 
 
Table 2  1H and 13C NMR chemical shift of pentacecilides A to D 
 
 
 
No. !C !H(J  in Hz) !C !H(J  in Hz) !C !H(J  in Hz) !C !H(J  in Hz)
1 31.7 1.67m 40.7 1.85m 41.1 1.88m 44.9 1.60m
2.06m 2.18m 2.20m 2.38m
2 33.7 2.44m 72.6 5.59(12.0,7.0) 72.2 5.63(12.0,7.0) 69.9 4.64m
2.68m
3 219.6 - 208.6 - 207.8 - 214.8 -
4 47.2 - 48.6 - 48.3 - 47.6 -
5 48.1 1.88m 48.0 1.77m 45.6 1.82m 46.4 1.80m
6 18.5 1.58m 17.7 1.68m 26.7 1.86m 26.6 1.86m
1.75m 2.18m 2.18m
7 33.7 2.08m 36.6 2.10m 71.8 4.11dd(10.0, 3.0) 71.8 4.13dd(10.0, 3.0)
2.24m
8 78.3 - 78.1 - 79.0 - 79.2 -
9 44.8 1.86m 48.5 1.88m 43.0 2.23m 43.4 2.21m
10 35.4 - 36.6 - 36.2 - 36.0 -
11 20.3 2.44m 21.2 2.44dd(10.0,2.5) 20.7 2.52m 21.5 2.52m
12 25.5 1.35s 24.0 1.26s 21.2 1.23s 20.9 1.23s
13 20.0 1.09s 21.3 1.18s 20.8 1.20s 20.9 1.20s
14 29.3 1.12s 26.3 1.16s 25.7 1.14s 25.4 1.19s
15 23.0 0.96s 24.9 1.39s 24.6 1.54s 23.9 1.54s
16 170.3 - 170.3 - - -
17 21.0 2.17s 21.0 2.17s - -
1' 110.5 - 110.9 - 110.7 - 110.9 -
2' 139.2 - 139.3 - 139.3 - 139.4 -
3' 101.7 - 101.9 - 102.2 - 103.6 -
4' 162.5 - 162.6 - 162.3 - 162.4 -
5' 103.3 6.27s 103.5 6.27s 103.5 6.30s 103.6 6.34s
6' 160.4 - 160.2 - 159.1 - 159.1 -
7' 32.0 2.72dd(17.0,11.0) 32.1 2.70dd(17.0,11.0) 31.8 2.70dd(17.0,11.0) 31.9 2.71dd(17.0,11.0)
2.84dd(17.0,3.5) 2.85dd(17.0,3.5) 2.85dd(17.0,3.5) 2.84dd(17.0,3.5)
8' 75.0 4.64m 74.9 4.62m 74.7 4.62m 74.7 4.64m
9' 21.2 1.54d(7.0) 21.2 1.55d(7.0) 20.9 1.55d(7.0) 20.9 1.56d(7.0)
10' 170.5 - 170.3 - 169.9 - 170.0 -
4'-OH 11.08s 11.07s 11.08s 11.09s
Pentacecilide A Pentacecilide B Pentacecilide C Pentacecilide D
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2-2-3 YJ=H1F 
1) Pentacecilide CGKYJ1F 
 Pentacecilide CGKYJV NOESYC:>Fig. 13B
H-2 (! 5.63)  H3-13 (! 1.20)  H3-15 (! 1.54) 5H3-15 Hax-6 (! 
2.18)  H3-135H-5 (! 1.82)  H-7 (! 4.11)  H-9 (! 2.23) 5
H-7 H-95G62P

 A3 B3[9 transQM8
N$ (*RTGKYJ Fig. 138NAH3-12 (! 1.23)  H-7
 H2-11 (! 2.52) 5 H3-15  H2-11 5G64I
B
3 C3[9 cisQM
V@;Heq-7’ (! 2.85)  H-11
 H-8 (! 4.62) 5 Hax-7’ (! 2.70)  H3-9’ (! 1.55)5 NOEG64I
Hax-7’ H-8’5 JL 11 HzB
9’,'#)7 equatorialU<
8N (Fig. 7)+E90C-8,YJD	Z./?S thailandolide 
A41)O- (Fig. 7)pentacecilide AB Dpentacecilide CO
X NOESY"&!%) JLB
O-GKYJQMW

V (Fig. 7) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13 NOESY experiments of pentacecilide C 
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2) Pentacecilide CnxwPm 
 Pentacecilide C Zs| 7lyq)	&of$NOESY
Pm 1H NMR JzR
%rxw{) 2R*5R*7S*8R*9R*10S*8’S*X}
pentacecilide C) 2d MTPA-59Fw)\iQB83C
43) )~K' pentacecilide nxw{X})`! pentacecilide 
C x(R)-(-)-#(S)-(+)-!-A:03- ! –(:E?F.GA7F)?,<Fh_ 
(MTPA) 1GD+;) 4-4A7F*@=>E4H  (DMAP)   :E-7F*@H 
(TEA) u]M41GGA6H|cL 10 aTK (S)- (1) 	$ 
(R)-MTPA-59Fw (2) )(( 80.6%  61.5% e (Scheme 2)
%(w 1 2 1H NMR	'2@/F3?:z)SpUt "#z ("# 
= #S-#R) )V"YOH2-11, H3-12, H-5’ 	$ H-8’Ijz)b, H2-1, H-2, 
H-5 H2-6, H-9, H3-13, H3-14, H3-15 	$ H3-17Iz)b (Fig. 14)

%7 Inxw S {'%
&pentacecilide C nx
w{) 2R5R7S8R9R10S8’SX} p pentacecilidek\i
W$&k^('N}g\v pentacecilide# pentacecilide CJ
nxw{)'[%(" pentacecilidenxw{) Fig. 7$
X} 
 
 
 
 
 
 
 
 
 
 
 
Scheme 2? Semisynthetic preparation of 1 and 2 
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Fig. 14? Determination of absolute stereochemistry from !! values [!! (in ppm) = !S-!R] 
obtained for di-Mosher esters 1 and 2 
 
z 3s Pentacecilide;.@9'2a~|rtK^  
3-1 ;.@9'2a~|rtKQ_ 
 Pentacecilide A	" D;.@9'2a~&TxQ_$
H 14);*3Z;.@9'29,39'62>4=ARlX=:5<&
I$!#\Tp%a~&vmQ_$
$
!kUFpentacecilide A Bu]F 0.21~24.3 µMB
a~m yVi
Q_% (data not shown)Dpentacecilide C! D
 20.6~22.5 µM a~TpESQ_%	
% pentacecilide;.@9'2wo!TxCjd	
 
 
3-2 aeqpw$ES 
 Penatacecilide;.@9'2a~Tp&n!#cqG
O}&tKPo&M 14)a~TpkUF=:5<
b[1-14C]-?)A`&IW[14C]0?37=>+37> (CE)[14C]8=(
1>/=4@> (TG) ![14C] =Aae (PL) fPo&}H
a~&Yp$gp$ CE  TG [1-14C]-?)A` 20%
LJ
h#[%$%"a~qpw$ pentacecilideES& Fig 15d
CE TGqpw$ IC50{N& Table 3 
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Fig. 15.? Effect of pentacecilides on the syntheses of [14C]CE, [14C]TG and [14C]PL from 
[14C]oleic acid by macrophages. [14C]oleate (?), [14C]TG (?) and [14C]PL (?)

 Pentacecilide A! BTP'GN CECB%D, IC50K 3.65
 4.76 µMIpentacecilide C! D CE TG]CB
&D,%<
C)-NM^!#W*4+3J/:4+
!	(L# "7F.AE051UO%ZN>6X
?V9B[RH 3S*-hydroxy-pentacecilide A (3) ! 4’-O-methyl-pentacecilide A 
(4)  Q\;=CBI#W*%8 (Scheme 3) [RH 3 0
24.2 µMTP CECBI#D,S"$2Y@

[RH (4)  CE TG]CB%D, IC50K 13.6! 8.40 µM
 (Table 3) 
 
Table 3? Effect of pentacecilides on CE and TG syntheses in mause macrophages 
 
 
 
 
 
 
 
 
 
 
0 0.1 1 10 100
Concentration (µM)
%
 o
f c
on
tro
l
Pentacecilide B
0
50
100
150
0 0.1 1 10 100
Pentacecilide A
0.1 1 10
Pentacecilide C
1000 0.1 1 10
Pentacecilide D
1000
IC50 (µM)
A 3.65 > 24.3
B 4.76 > 21.3
C > 20.6 > 20.6
D > 22.5 > 22.5
3 > 24.2 > 24.2
4 13.6 8.40
Pentacecilide CE synthesis TG synthesis
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Scheme 4? Semisynthetic preparation of 3 and 4 
(a) NaBH4, CH3OH, r. t., 12h (b) TMS-diazomethane, CH3OH, r. t., 12h 
 
3-3 ulIjD 
 Pentacecilide A
" DXOIj'bWd741).*!D
SF10 µg/ 6 mm diskhTB%C[ XOIj'a
 
 
y 4o Pentacecilide^Gm  
 9*>5(-`~}nqH\{_DQ!#VeiKC[ pentacecilide
9*>5(-`~}n'`~Ykk$ CElk'pz
qHUM9*>5(-	$ CEl[kRg'
pentacecilideqH@'Gm 
 
4-1 ;//:
",=.0><sw$AN 
 Penatacecilide A	! B CElk'pzqH
",=.0><
xcRg'6=+23>?'bW!#qH@'r
&6=+23>?;//:
"fv,=.0><s'E
LqH$|"%	# 44)6=+23>?t]B[4-14C],=.0><
J;8/:'9*>5(-`~}nPkbW'Z!#[4-14C] 
(b)
3 3
Pentacecilide A 3
4ʼ
(a)
4ʼ
4
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Fig. 16? Assay for [14C]CE synthesis from lysosomal [14C]cholesterol in mouse macrophages 
 
+8-/97'6..5leZ$	
$ (Fig. 16)IMr'\
W38*019:'UD$+8-/97Mrlv`'AqLTh
Nsgl[14C]CE'YX$	
$Mr\WkO pentacecilide
w'i>$!#[14C]CEYX	=E'S$VKpentacecilidew^B
p<	6..5;J+8-/97bRC&$p<oc
$%a
[14C]CE YX	=E'SO6..5;]+8-/97bRC&$
p<oc$	
$ 
 tQHpentacecilide A! B[14C]CEYXa$ IC50d%
% 5.17! 9.12 µM'Ppentacecilide C 20.6 µMnj [14C]CEY
Xa$^Bm"% (Fig. 17)G?3-2[P IC50d!
_C$"4)92(,+8-/97bR$
pentacecilide w^Bp<6..5"Nsg	FX%$@f$
	u" 
 
 
 
 
 
 
 
 
Fig. 17  Inhibition of [14C]CE synthesis from lysosomal [14C]cholesterol in mouse 
macrophages by pentacecilides 
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4-2 %+5-CoA: )6-/75%+5o;L_ (ACAT) f!=E 
 Pentacecilide^\G? CE[YaBw9	4..38M!~b
"
T{e|UFPCE[YNShAWtL_! ACATf
!=E#l 45, 46)ACATaBCXv>1'-xJ1(70$,lZ
2(7.3@y#L_HKPentacecilide A BIC50i 11.2
4.15 µM ACATCX#aB<zpentacecilide C 20.6 µMsp
50%aBCX#Q (Fig. 18) 
 
 
 
 
 
 
 
 
 
Fig. 18?  Inhibition of ACAT activity in microsomes prepared from mouse macrophages by 
pentacecilides 
 
 ACAT !`VO{uI! ACAT1 DcTkr:
nuI! ACAT2  2 R%&.*&3dP	j"! 47-51)

ACAT1 2#]guI CHOO{ 52, 53)#%&.*&3f!=E
#lPenatacecilide A B ACAT1f IC50i 1.09 10.8 µM#Q
ACAT2f IC50i 0.69 3.97 µM#Q
pentacecilide %
&.*&3#qmpaB!
	} (Fig. 19) 
Fig. 19?  Selectivity of pentacecilides in inhibition toward ACAT1 (?) and ACAT2 (?) 
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£ 5 ks  
 PentacecilideÚ!<C2 ³*,ÇÕ.] Penicillium cecidicora FKI-3765-1
W (Fig. 6)  ¹{¡tÆ«*,¥ÕÚyj/Ñ- thailandolideÚFig. 741)
!.% Talaromyces thailandiasis t]Éo.
Penicillium cecidicora *-t!' §d%Í]W t-¡
tÆ HPLC*" LC/MS/ÓqP/mthailandolide A
*" B /c-!+t¿¨	¿ÔbJ©
¿ÔbJ*"¿Ôº(bc´/m¡Æ ÂUP/m
thailandolideÚ t/T»-! (Data not shown) 
 Pentacecilide Ú ÈÐj!S NMR 7>5;AP*`®
gXj/·¬-@B874:A>Dj/Ñ-/Ï+ (Fig. 7)
Ö¾©!NOESY~e (Fig. 13)  ®*, 2R*5R*7S*8R*9R*10S*8’S*
`®.! thailandolideÚ$0µH- C-8E &G-
Ï+(Fig. 7)thailandolideÚ C-8E@9AZ axialÊi¾
©- pentacecilide Ú! equatorial Êi¾©-T». 41)
+pentacecilideÚ Ö¾©!pentacecilide CQØ MosherË 42)
/±Iu. ! " ¦  (Fig. 14) + pentacecilide C  Ö¾©/
2R5R7S8R9R10S8’S`® (Fig. 7)%Ít]µH n_Û*,
 pentacecilideÚ/t-L®npentacecilide A, B*" D Ö¾
©(% pentacecilide C µH-k
+.- (Fig. 7) ! 
pentacecilideÚµH Ä h/Ñ-+(wz.- (Table 1) 
 £ 3 pentacecilide Ú ?5B=16xÌ¯ªRrÓ#
?5B=16¸xÌ¯^ ^ Ys*,. KnÆ( 0.21~24.3 µM  
½²ÁFxÌ¯)¢ fYs.«(pentacecilide A B
[V/|pentacecilide C D!V»'+. (data not shown) 
 +Pentacecilide A+ DN
Àn° (Scheme 2) ­ 3S*-hydroxy 
pentacecilides A (3)  4’-O-methyl pentacecilide B (4) /ÓxÌ¯ jÇ-
«x} ®Ù/mÃM aOpentacecilide A B!?37Ål¸?5B=1
6¸ «x}Ç H- CE /¤°R-Ï+
Table 3 |*	 RV! pentacecilide A p([{
pentacecilide B[RV/|v¼+pentacecilide CDÒ¶ 3!
20.6+ 24.2µM ½²(ÍRV!d+.\ÎÒ
¶ 4 !CE (	H «x}Ç- TG  ×RV»'+. 
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(Table 3)dHM=PentacecilideSpBi ASpBinE Fig. 
207:h[F\xLjl?Q	T


 7:h[F  thailandolide A B41)Bi ]
m3
:E3:h[F |q 3  pentaceciide A_l?Bi ]

3 :$72.7Fl?BiaT2 :E
"*-%'Fh[F|l?Biw;N
2:
`eBidcy
]Z4’:h[F6+7F |

CE kjrl?Biw;f TG rkjl
?|q 4 {BiKP ]<VgJ Aspergillus sp. 
FKI-2136C#41/5RMRSABioI^Nb stemphone 54, 55)
 WStemphone  pentacecilide {68*)%,719X@ 
3&80!(r~i ] CE kj l?
stemphone Spu"7%7F ||q CE  TG kj l?"
7%7Fvl?Bidc (Fig. 21)56)


pentacecilideE 4’:h[FUtDF |
I
|q}mYO|qVjz>Gs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 20 Structure-activity relationship of pentacecilides 
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









Fig. 21 Structures of stemphone derivatives56) 

  4~ pentacecilide­</B9+3m¢WyP	(k¨
N|*n"Pentacecilide ­ {HRN|
& CE {y*©w(¥
&
£YU CE {yLPEN|*v#!
:A078BC%(k¨\'e"(Fig. 16)44)*_XK??5>
&
m¢Wy!Lk¨j(¥&
(Fig. 17)
#?55>Da1A46B@rgtOu`( ACAT (
GV*I<.4^</B9+3
&z=/B5>M*`Z
PSx*(%'pentacecilide ­ ACAT`Sx*P(
*¥&
 (Fig. 18)XK pentacecilide­­odQ«f
*¦( epi-cochlioquinone (Fig. 22)57)$ ACATPi c)(
&$
lp)pentacecilide­</B9+3 ACAT*Pm¢}*P
(X®!pentacecilide A Bh¡A;@¬T IC50*q
pentacecilide C  h¡A;@ F'`A;@ s CE {y
PSx*qª§ Hb
¤LxSxGVJx]&)( 58)
&ACAT1  2 ))*[
 CHOh¡*¨ ACATP,-52->
x*IXKpentacecilide A  B  
ACAT1  ACAT2 *P(¥&

 (Fig. 19)
Fig. 22 Structure of epi-cochlioquinone57)
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 *"JX?2D=.6k}PfxVBeauveria sp. 
FO-6979S|i) beauveriolide III15, 16)%N ¤xV Phomopsis sp. FT0211S|
i) phenocalasin A59, 60)-ZFig. 23l&beauberiolide III
 pentacecilide ACATRzP&( CE|{-PkW{-£y)
_'*	( 17)t§s!&m[	$^L-l)
'
pentacecilide ¦m[ U*)" phenocalasin A vbu
$/29Erb-P)A>8@1E<40;57-P3C
7:DBn(c#P*CE |{P-okW{-£y)_
'*) 17)H 4 &CE TG ¥|{-P)Ib
triacsin C14)sespendole 61-63)% isobisvertinol 64)	&~s stemphone 56)
'*)Triacsin CT/5B CoAb{` (ACS) P&)
Q	( 14)isobisvertinol HKz ACAT  DGAT ¥RzP
_'*) (Fig. 17)Hsespendoleh¡TM""(
h¡ ACSACAT% DGATG)F)*)q
 4 TG|{P	)h¡T\g+M)k
jRzIT,) ACS	& ACAT$za TG|{epO-w
)` DGAT )PHKz*d]Y¢_
'*) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 23 Molecular target of microbial inhibitors of lipid droplets accumulation in macrophages 
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Í 1º £ċ  
 {Cą{© qäÔĉQURÛ»ÐCąHn(*ùJĆ
ÖPB`½«Ê_ÄR ßãČy`½é§ûÎ+Þ
;54=?È¶O¬:90kp (MRSA) `½§'¯¶°p§	 fÅ
·î ïąSÝ),ÆÈ¶p\Ìdč,+ 65)
(`½§Ç+ÿąý´ ¤®aÙ
)`½§ýW
éUØmô#,+
)qä¸ýco Ìs®ýgÉ
+ö¶_¦Ù.ÜÁýxlþ»±%),+ÇDT¶`½
§Ç+Áýxlâ,+{«+#®pýÚ©

)¢È¶pó,+#gbü 4äÏWébÇ
ÌKt"í
coWéAĂ.+|-,+µVØ
& 1980äË
) 2000äË
®hpý´ 4ï 1@Pă/
+ãõá 1980äËäb 5v.Ô+®ýéè,2000ä@
 éèt"í®hòî y
	),@¾éy,ý2008
ä 2009ä[ 1véè,$+{éèÑX
+®hýò&|-,+ 66, 67) 
 
1) ;54=?È¶O¬:90kp (MRSA: Methicillin-resistant Staphylococcus aureus) 
 MRSA Gá`½zEpµVØhú÷L+ËëØýÈ¶p
D*ÜûÎ !-lactamase ·pÿý+;54=
? (DMPPC) Ö`¶O¬:90kp1961 äI¢%ć¥ïĄ
, 68),@~NðïĄìÛÄRãõ 1980 äËê!
)¿
ïĄó,+(2002 ä O¬:90kpć¥ïĄ^
ü 6 ]. MRSA ¼%+³×,	*~&ïĄìÛÄR+
ĀÂ,+ 69){ ;54=?@YýÇ+È¶Q&ó,+(*
MRSA ýÇ+È¶pÃ¨ā),+ 70),ÇÕª
`¶p ;54=?`¶O¬:90kp (Methicillin-susceptible Staphylococcus 
aureus, MSSA) ñ¨,+ 
 MRSA wª² øZ+ãČy`½¡~_®·'ĉ(
ùJĆÖP©é§+ÆCą{©'Ċ²¹ Þû
Î+§« Qå¶M§1?7>824? (enterotoxin) 'àÀ¶4<
63§ràÀ (toxic shock syndrome toxin-1, TSST-1) (+­Òà'4<63§
rRçM}je`½§æu§'ÓM.Fi ßQ+Ĉ&¤
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okl'.0"' 71) 
 -98­~T'Dy52+QTe¡ peptidoglycan )ª'
Peptidoglycan  N-acetylglucosamine (GlcNAc)  N-acetylmuramyl-pentapeptide 
(MurNAc-pentapeptide) )O¢(%
]\²W'e¡O
¢?' murein monomer )V' murein monomer 
 
transglycosylase $&uc(% transpeptidase $& pentapeptide £ 
D-alanyl-D-alanine
 pentaglycinFS('¥¦xe¡
c(
' (Fig. 24)72) transpeptidase ¤73/:=Wc1=4, (penicillin binding 
protein, PBP) "[('!-Lactam ¨O¢dI'!-lactam N

peptidoglycan D-alanyl-D-alanine±m®_)ª'	%PBP 
Os?WcaK~)H'
%(' 73)e¡eT
{>@nu¬§J)'!!-lactam ¨$'
peptidoglycancHgT`%('e¡eT 
f'!!-lactam¨~©(&eT~rLB¨°
v«(' 
 
 
 
 
 
 
 
 
Fig. 24 Process of peptidoglycan synthesis 72) 
 
 B !-lactam ¨'~P_eT±Bh('
!-lactamase[('E}Ga
'!-lactamase!-lactamN)E}G'
 !-lactam ¨^T¯)qK'
%(' 74)	%Zf°
v«%('!-lactam¨* !-lactamase G("
«%
('(MRSA
!-lactam¨Mt~)pYC
MRSA 
we¡c!-lactam ¨|³~e¡ca'
PBP2’)h'!`%(' 75)UAj<6;XR
$&ze¡cCj femA# femB)i! PBPOs)b!'a
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
¬o&&#m"$ bV-lactam½
Á&c(

»#	 (Table 4)76, 77) 
 
Table 4 Factor related to !-lactam resistance in MRSA 
 
 MRSAcÃ½©¸0R2IG;?k½DU2M*4U (VCM)
=*2GQ@U (TEIC))NC0R24?k½)SH-4U (ABK)  2006«
ª&,.38RU5CUk½RB8R? (LZD)  4yy|À
ª
#&% 78)#jq·~sj6I/>SaVCM ! ABK 
¾
%§!d§­zÀlp(¼¡!-lactam ½¦}VCM "
x¶±v`yV-lactam ½% ABK "zÀ£X%sjy
!-lactam½"%°ÀÃµ t'&% 70, 79)	 TEIC! ABK
j
q 80)¾rÃ½% VCM  MIC
 8.0~16 µg/mL
 cj (VISA: Vancomycin-intermediate Staphylococcus aureus) q 81)#
2002 « VCM u¥(DU2M*4U\F?+hj  (VRSA: 
Vancomysin-resistant Staphylococcus aureus) Ä¯ÂÅ
²w&	# 82)
Ã½!Ãµ^¬
g#&% 
 &MRSA %Ã½0R4S3*/RUksj½
;13*/RU 83)³j Streptomyces reseosporus¨{®LRIG;?ks
j½:G>M*4U 84)
]_ª&% (Fig. 25);13*/RUzÀe
=>Q3*/RU¦¿RK7O 30S3FP@<>nv9UE/v
(`% 83)Y´:G>M*4UzÀex¶¹nv¹¤W¯i
(Zf9UE/DNA" RNAv`(Zf 84)©¸
 2010«º¾½
:G>M*4U MRSA¢[(³j 
Streptomyces sp. ¨{®%6>TG>0QNUksj½.AGR6;U/:
SJGR6;Uvy (Fig. 25) RK7O 50 S 3FP@<>nv%"$
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4C:0t¡(ªV&Ýu'	%Ëà	 VCM ³ ½ch 
(VRE) ÍQ'&MRSA ²!ñqrhZ (ç& 85, 86)

$fl]¾(Ð »£áKì (IVH) 
$ÅéÕ%
MRSA ÃMW¶kS' 87)yimdÞ¦h Streptomyces 
platensis Êµ~Û& platensimycin (Fig. 25) t¡ªV
}ë`(ç&r¢ÛÏn'¼ã( & 88) 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 25 Strustures of new class antibiotics 
 
2) | h 
 h Candida¯Aspergillus¯" Cryptococcus¯×ohÓÙ"
±ÈÌÁºV(é&´(\¥ÚE#¨­_"
©h'&| hÖÓ"¿\¥&Ö| hÜó
'&iÎRv[¬Pä·&ôÇÏt
¢°îg À| h&¬PoJ HIV \¥"D ®l_
[­_GâLí{ë	#25B,8{Åé#&âLòÀNe
$'Ëön\¥hTÂ¬P& 89)wp| h
sõO"sÄ¤¹HðØbÐ$¬P&êFè«'& 
 | hðIÑÂrhOYðßÃë'&h;7Æ
X¢Û& zhÒï^æ'§¸ (å{UÏÔ
xÉ&2002 ÎRv!Í'.?C6+Cjå{>-<)C/
C (MCFG) 90) 	# 2005ÎÍ'a*3Ajå{=@193A (VRCZ) 
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91) )S!"\dq%('i>C,GY*A=5C0G B 
(AMPH-B) C>3?D*A=5C0G B (L-AMB)*4DY@.74D 
(MCZ):D.74D (FLCZ)=2:D.74D (F-FLCZ)  +6B.74D 
(ITCZ) $:D-F9C1GY:D060G (5-FC)  4m 9c '
!(%c 1"c{	}v_zXriy`LW	
(HxcPV(' 
 R]zX"*4DYcyd{zXriwc
g(l Candidar%('eTpzXb,D
/25FD_|^ C14 !-lanosterol demethylase (Erg11p) )Q,D/25F
D_|)Q'"B825FD#,;C.Dbh
kZ)NQ25FD}|)K
Ub)tQ' 92) 
 
Fig. 26 Mechanisms of antifungal drug resistance 
 
 R]zX{Tp) Fig. 26j	"*4DY{Tp
a"sbO~(&1) o>G<Mu\ 93-96)2) Erg11pMuf}"
I 89)3) Erg3p [I$'Q.E25FD_| 97, 98)

 3%('(%qa"nJo>G<
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'ÈFPC³Î 2àFPC
&CDRT½ 93)$' ATPR
« ABC?LP7F;94)"U CaMDRT½ 95)$' MFSsÈF
PC 96)z)('"'ÈFPC]Êy4@'T½CO
I;v'»{VÏS$Wn('Erg11p ÏSh
,HBi¶f
(! 80 Qµ%(&ÌÏS
Â«
'¦[¹¯
§
(' 89)Erg3pÏS (!u) "
x¹¾,:N¯'
µ%(',:NtÖ}\0
N57=ON ¥a×a7=ON "jÙ'
Erg3p ÏS (!u) e0N57=ON
 (²)&
Erg11p
¥a("Òa²±7=ON
 (,:NtÖ¯* 97)
	C. albicans ERG3u¬e in vitro FLCZ¾¯*"in vivo
 FLCZ×}
(Erg3pÏSß¹¯hr"y¼Ô%	
 98)Q$,:NtÖ®'¾¯Ì¯l$
'Ì¹Ü¤
hÙ´ `¹¯*bÄ'
(&ÅÎÞe
^¢"Ì¹l$'"
cÆ(' 99) 
 UÑqÝßYÚ
k°('m~pdÍenfumafungin
FG3622NP213AS2077715corifunginT-2307# isavuconazole
¸Õ(' 100)
 +|ÐÖ
 Ë'
º£Í¼*¿' enfumafungin101, 102)
2000Ç9.K/A8 (Juniperus communis) ¡Û¡©' HormanemaªÊ
·¡('m(1, 3)-!-D-3N1P ¤¥aÍ'
¨2JP
>-Pt~pÖgD26EC<@S&?M=NEPÉÀ­'	
%;.C~pÖk°(' (Fig. 27) 
 
 
 
 
 
 
Fig. 27 Strustures of new class antifungal drugs 
 
yMerck$ ScynexisØÃ­wo$& (|ÐZÍ
G/7*
ÚÁÍx"XÓ}\*!,7=L7_Ê(
AS2077715103)p Capnodiaceae ª
¡'m~pdÍ2009 Ç
Enfumafungin AS2077715
O
O
O
O OH
OOHO
HO
OH
OH
OH
N
OH
O
O
HO
HO
HO
OH
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ICAAC B371CF492EI´M{('*mcW©y) (Fig. 
27)t¸\D:0I;F-j_ complex III U&( Trichopyton 
¼lW+xCandida% AspergillusmcW+xsc
[ 
 
 K&	 MRSA Y%sc)^w»³R£S)

}ª)i
`w»®¯R£a#'*)
&	¦gcuc"uct¸)³rR£L)-?
H8²*)&	¾
 ³r\ +UO*
³rmcW+¨])%Zm©ybW©y+«¸)
)M¤,%fV«¸»¯+¸(w»kQr¥!
¼' MRSAY%sc$N¸n
'*) 
 zqM§BF>.=G½ MRSA) !-lactam ³Wbt¸+µ
)­p*( 104, 105)epicatechin gallate!-lactamsev+U)
 106, 107)tellimagrandinJ108)% corilagin109) PBP2’foW+U)°
Wx±') 110)BF>.=G½KT$PBP2’ £h+
¹)©¶º totarol111)%t¸±'o·A?8;d
 LY301621112)%-G/G@I5Id anacardic acid113, 114) &	Oo© !-lactam 
³W+b)­p*)Fig. 28M®Hiller'>G0<6
G C. albicans³r¡~BI?) Mdr1p+e¬LXX¥!
>G0<6G)Y| 10¢KP)­p 115)zqZhang' 
 
 
 
 
 
 
 
 
 
 
 
Fig. 28 Structures of potentiators for !-lactam against MRSA 
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beauvericin -0.1/6TlI>o*ujvH*X 116)
$CyTITI>o*vH'bTI£Q£#DB
em('
%[LQ#zoIfS* n'D{('
%[7'Z*'Zzo*W':o'!
k@sha¢8D{' 18) 
 $J"OG( Z=A*CyTp
b>o*vH'k9Vd*tF!)1) !-lactam
"Y"^(',4325 (IPM) T MRSA>o*vH
'b	$ 2) TlI" Candidax%(Zzo}
'+/6KZ'4.1/6TlI>o*vH'b*p_R
$&\N;lI Penicillium radicum FKI-3765-2?`|c]
%
¡vH>o*Pf,4325T MRSA >ovH[*'kEb
xanthoradone ¤	$4.1/6TlI>ovH[*'kEb
6’-hydroxy-3’-methoxy-mitorubrin*P (Fig. 29)%qr<	9V
~T MRSA>o*'kEb rugulosin¤ (Fig. 29) "Pfi
(%kE9Vp]UwM	$p>og' 
Fig. 29 Structures of novel anti-infection agents produced by Penicillium radicum FKI3765-2 
 
A
B
Xanthoradone
-OCH3
-CH3
R1
-CH3
-OCH3
R2 Xanthoradone C
O
O
OH
R2
OH O
O
OH
HO
OH
R1
HO
(+)-Rugulosin B : R1 = -CH3,  R2 = -CH2OH
(+)-Rugulosin C : R1 = -CH2OH, R2 = -CH2OH 6ʼ-Hydroxy-3ʼ-methoxy-mitorubrin
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P 2J FKI-3765-2*F9
4+K@Y<QaGH5M(I  
 !&UTAZaC1 Penicillium radicum FKI-3765-2* (Fig. 30) V;
O=9YS#" $4 MRSA)DL08_^
B.'6Y xanthoradon
c4 MRSA )D^
B.'6Y rugulosin B  C 5Mc:-R'6Y
rugulosin117-122) ([2/ rugulosin A7]\)#%4C1)DL0)D^

B.'6Y 6’-hydroxy-3’-methoxy-mitorubrin
 5 M c :  - R ' 6 Y
4’-hydroxy-3’-methoxy-(S)-mitorubrin123)   
monomethyl-(S)-mitorubrin124) 3> 9EZX3	
 (Fig. 31)[J4+K@Y<F
9W`QaGHbN,5M(I
? 
Fig. 30 Scanning electron micrograph  
of Penicillium radicum FKI-3765-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 31 Structures of xanthoradones, rugulosins and mitorubrins 
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B
Xanthoradone
-OCH3
-CH3
R1
-CH3
-OCH3
R2 Xanthoradone C
4ʼ-Hydroxy-3ʼ-methoxy-mitorubrin
Monomethyl-mitorubrin
-OH
-H
-H
-OH
6ʼ-Hydroxy-3ʼ-methoxy-mitorubrin
-H -H
R1 R2
3ʼ
4ʼ
6ʼ
(+)-RugulosinA : R1 = -CH3,  R2 = -CH3 
(+)-Rugulosin B : R1 = -CH3,  R2 = -CH2OH
(+)-Rugulosin C : R1 = -CH2OH, R2 = -CH2OH
O
O
OH
R2
OH
OH
O
O
OH
R1
OH
HO
3
3'
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2-1 FKI3765-2?cNwKAh\=b|Rlde 
 Xanthoradonerugulosin mitorubrincNSH{WUw
"_
wcNw"fow 2m;L 
 Scheme 4=b"PzKAh\=b|Rde"13uB$
*2#~"	wn (1000 g) w"L	=b|R"#),5`O%+
3ZqYg>^]i|R (1.80 g) "ti|R" ODS'10C
p#),-,23a (30, 50, 70, 100% #),-,23 0.050% ,2/3&4
`O (TFA) a8 < 400 mL x 2) xEYMVrODS'10"	
}T HPLC  ('10PEGASIL ODS620250 mm7sj80#),-,23 
0.050% TFAa8k8.0 mL/minGYUV at 210 nm)"	fr. 5 (2y
70% #),-,23a8Y:}t!i|R (385 mg)) de"L	Fig. 
32cQ 27}29} 37}Y .("D}TJvX@I 
^F[ xanthoradone A (7.30 mg)B (5.60 mg)  C (1.12 mg) "l
1y 70% #),-,23a8Y:}t!i|R fr. 4 (95.2 mg) "
ODS'10"	 HPLC  ('10PEGASIL ODS620250 mm7sj70#)
,-,23 0.050% TFAa8k8.0 mL/minGYUV at 210 nm) "	d
e"L	Fig. 32bQ 20}Y .("D}TJvX@I 
9^F[ rugulosin A (41.4 mg) "l 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 4 Fermentation of P.radicum FKI3765-2 and isolation of xanthoradones, rugulosins 
and mitrubrins 
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 
1 GN 2 GN 30%  $%=O(O:*I3E
@H7 fr. 1 (101 mg) ODS#"P HPLC  (#"PEGASIL ODS&20250 
mm'DA35 $% 0.050% TFA=O(RB8.0 mL/min/:UV 
at 210 nm) P>?2Fig. 32a6 50I 10IO:
!-
KI81EO:(F9+0	)<.; rugulosin B (16.9 mg) 
 C (13.3 mg) CQL45, 42I57I 60IO:
!
-  K  I 8 1  E    O : (  F 9 + 0   	   ) < J M 
6’-hydroxy-3’-methoxy-mitorubrin (5.20 mg)4’-hydroxy-3’-methoxy-(S)-mitorubrin (2.50 mg) 
 monomethyl-(S)-mitorubrin (1.80 mg) CQ 
 
 
Fig. 32 Chromatographic profiles of xanthoradones, rugulosins and mitrubrins purification by 
preparative HPLC 
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2-2 XanthoradoneRgAc 
2-2-1 @Drb` 
 Xanthoradone @Drb`% Table 5 IR -5*09Ac "
xanthoradone A 	! C $3403~3424 cm-1uLaWF}H^

1606~1778 cm-1uL(9629F}H^
Eh$UV H^-5*0
9xanthoradone A B 218 nm263~267 nm  373~375 nmKmH^
%[lxanthoradone C 220 nm282 nm  360 nmKmH^%[
Xanthoradone A	! CUVH^%_$s@Drb`%[
	!>Rg%|#S!$
UVH^<# xanthoradone CRg
oJ{M
=vx@#~f$ 
 
Table 5 Physico-chemical properties of xanthoradones A to C 
 
2-2-2 RgAc 
1) Xanthoradone ARgAc 
 Xanthoradone A pwAt ESI-TOF-MS -5*09wY&';3* 
(m/z) 489 [M-H]- %TwAt ESI-TOF-MS-5*09 "wY\ C27H22O9%
!xanthoradone A Rg 1H  13C NMR B] 2ZP NMR%F
Nq13C NMR -5*0927 yne,+19
Eh$!
HSQC -5*09 "$!ne2 Q7.9ne1 Q7.:;ne4 Q
 sp27.;ne2 Q'),7.9ne1 Q sp3'),7.;ne9 Q sp2
XIne5Q sp2'),XIne  3Q(9629new$ 1H NMR
 22Qae,+19
Eh$ 9Qwae,+19 3aWF (! 
9.73! 12.5 ! 13.9)  270),F (! 3.84 ! 3.92) }~f$
!HSQCAc " Table 6[ aeneOU%Gi 
 1H -1H COSY-5*09Ac	!Fig. 33akd[vwRg IjV
z!
	!1H -13C HMBC-5*09Ac "Eh$# 2J  3J 1H 
-13C?C(/48;+%Ac (Fig. 33b)H2-3 (! 3.00, 3.06) 	! C-4 (! 133.5)
 50 
C-5 (116.1)  C-13 (! 99.7) H-5 (! 11.08)  C-3 (! 34.7)C-6 (! 140.0), C-7 (! 
98.1), C-11 (! 108.4)  C-13H-7 (! 6.71)  C-5C-8 (! 160.3), C-9 (! 109.0) 
 C-11OH-10 (! 9.73)  C-9C-10 (! 154.7)  C-11OH-12 (! 13.9) 
 C-11C-12 (! 162.7)  C-13 H3-15 (! 3.84)  C-8V@>X

	C-48^_GW I+0'57I<FH=\


C-28#2!4$0)Z (! 76.8) PTFHB9[LO$0)
OH-12#2!4$0)Z (! 13.9) C-28C-138? &(4FH;
%.*6+0)/3-7I<ER	cU
		
1631~1681 cm-1]D &(4Q!41,4Abd IRCM>X
	
H-5 C-1’ 4J HMBCV@=\
	JK
YH-2’ (! 6.08) 
 C-1’ (! 190.6)C-3’ (! 160.9)C-4’ (! 179.8)  C-10’ (! 112.0) H-6’ (! 7.67) 
 C-4’C-5’ (! 129.8)C-7’ (! 147.2)C-8’ (! 130.6)C-10’  C-12’ (! 20.5) 
OH-9’ (! 12.5)  C-8’C-9’ (! 159.7)  C-10’H3-11’ (! 3.92)  C-3’
 H3-12’ (! 2.21)  C-6’ (! 41.1)C-7’ C-8’V@>X
	
xanthoradone ASN%.*6+0)/3-7I<:+0)"-7I<
a	`		"-7I<bd C-1’ C-4’#2
!4$0)Z (! 190.6! 179.8)  UVCM (263nm) JK
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 33 1H-1H COSY and 13C-1H HMBC experments of xanthoradone A 
 
I
1
2
3
4
5 6 7 8
9
10
11
12
13
14 15
1’ 2’
3’4’
5’
6’
7’
8’
9’ 10’
11’
12’
1H-1H COSY
HMBC
HMBC (4J)
(a)
14 2 3
! 1.57
! 4.79 ! 3.00
! 3.06
(b)
I
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 MT]H3-15 OH-9’ OH-10’ H3-12’D ROESYVE (Fig. 34) 
CN
" H-7	 C-8’ 4J HMBCVE
Ba"	,41=2
605:3>LA260(3>LA
 C-9 ? C-8’?DHK!
h	
 Fig. 31 xanthoradone AIW$G\fIWdOR
cek^$g! 
 
 
 
 
 
 
 
Fig. 34 Key ROESY correlations of xanthoradone A 
 
2) Xanthoradone BIW@U 
 Xanthoradone B [d@b ESI-TOF-MS -8)0<dO%&>5) 
(m/z) 489 [M-H]- $iJd@b ESI-TOF-MS-8)0< xanthoradone A_
dOR C27H22O9$i1H NMR-8)0<xanthoradone AjP

H-7’ H-11’D JZ 2.0HzS'/7;>*
CX"QHMBC
-8)0<@U (Fig. 35) 	H-2’ (! 6.73) 	 C-4’ (! 185.0)C-10’ (! 116.1) 
C-11’ (! 16.4) H-6’ (! 7.33) 	 C-4’C-5’ (! 133.0)C-7’ (! 163.6)C-8’ (! 110.3) 
 C-10’OH-9’ (! 12.3) 	 C-8’C-9’ (! 161.1)  C-10’H3-11’ (! 2.16) 	
 C-2’ (! 135.8)C-3’ (! 148.3)  C-4’ H3-12’ (! 3.88) 	 C-7’V
E
Ba"	xanthoradone B xanthoradone A 3’ 7’?90(+
F9.<F
`"Y#IWG\ (Fig. 31)fIWdOR
cek^$g! 
 
 
 
 
 
Fig. 35 Key 13C-1H HMBC correlations of xanthoradone B 
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Table 6  1H and 13C NMR chemical shift of xanthoradones A to C 
 
3) Xanthoradone CBQ;N 
 Xanthoradone C U[;Y ESI-TOF-MS '3",6[D90" 
(m/z) 487 [M-H]- `C[;Y ESI-TOF-MS'3",6[DG C27H20O9`
[DG xanthoradone C xanthoradone AMO@D 2A[I	<
X (Table 5)1H NMR'3",6 xanthoradone A
aE	$4
 6%1,T! 4.79  sp3!%5)9MO%#.6 (H-2) $4 6%1,T! 3.00
 3.06 5)79MO%#.6 (H2-3) 	JHL$4 6%1,T! 6.28
 sp25)9MO%#.6	=R$4 6%1,T! 1.57 5)6MO
%#.6 (H2-14) 	$4 6%1,T! 2.29UFK%1,(27*,%9#
7*,\:	<XHMBC '3",6;N (Fig. 36)  H-3 (! 
6.28)  C-2 (! 152.8)C-5 (! 112.4)  C-14 (! 19.4) H-5 (! 7.07)  C-3 (! 
104.6) H3-14 (! 2.29)  C-2 C-3P>	<X
xanthoradone CBQ xanthoradone A 2, 3-&+/-8S?V (Fig. 31)
^BQ[DGZ]bW_ 
 
 
!c !" !c !" ?c ?"
1 171.5 - 171.5 - 177.8 -
2 76.8 4.79m 76.6 4.75m 152.9 -
3 34.7 ax  : 3.00dd (J  = 17.0, 10.0 Hz) 34.7 ax  : 2.98dd (J  = 17.0, 10.0 Hz) 104.6 6.28s
eq  : 3.06dd (J  = 17.0, 4.0 Hz) eq  : 3.05dd (J  = 17.0, 4.0 Hz)
4 133.5 - 133.3 - 132.4 -
5 116.1 6.99s 116.1 6.94s 112.4 7.07s
6 140.0 - 140.3 - 141.3 -
7 98.1 6.71s 98.1 6.67s 97.9 6.76s
8 160.3 - 160.8 - 160.6 -
9 109.0 - 106.4 - 109.0 -
10 154.7 - 155.2 - 154.5 -
10-OH 9.73s 9.69s 9.68s
11 108.4 108.4 - 108.4
12 162.7 - 162.8 - 162.2 -
12-OH 13.9s 13.8s 13.6s
13 99.7 - 99.5 - 98.1 -
14 20.7 1.57d (J  = 7.0 Hz) 20.7 1.53d (J  = 7.0 Hz) 19.4 2.29s
15 56.0 3.84s 56 3.82s 56.0 3.86s
1' 190.6 - 189.0 - 190.6 -
2' 109.6 6.08s 135.8 6.73q (J  = 2.0 Hz) 109.5 6.09s
3' 160.9 - 148.3 - 160.7 -
4' 179.8 - 185.0 - 179.8 -
5' 129.8 - 133.0 - 129.9 -
6' 121.3 7.67s 163.2 7.33s 121.3 7.67s
7' 147.2 - 163.6 - 147.3 -
8' 130.6 - 110.3 - 132.1 -
9' 159.7 - 161.1 - 159.7 -
9'-OH 12.5s 12.3s 12.5s
10' 112.0 - 116.1 - 112.0 -
11' 56.6 3.92s 16.4 2.16d (J  = 2.0 Hz) 56.6 3.92s
12' 20.5 2.21s 56.5 3.88s 20.6 2.22s
ax ; axial, eq ; equatorial
Xanthoradone CXanthoradone A Xanthoradone BPosition
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Fig. 36 Key 13C-1H HMBC correlations of xanthoradone C 
 
2-3 RugulosinyH[=Y 
2-3-1 u<?eXU 
 Rugulosin BC	i> rugulosin A117-122)u<?eXU" Table 7
IR+3(-7=Yrugulosin A
 C!3421~3434 cm-1jEVN
BptCT 1616~1727 cm-1jE&74.7BptCT@\!UV
+3(-7	rugulosin A
 C 205~207 nm247~248 nm	 388~391 nm
D`CT"PRugulosin A
 C!fsu<?eXU"P

rugulosin B C rugulosin Ay;kR qZ! 
 
Table 7 Physico-chemical properties of rugulosins A to C 
 
2-3-2 H[=Y 
1) Rugulosin AH[=Y 
 Rugulosin A cl=h FAB-MS+3(-7	lO$%80( (m/z) 543 
[M+H]+ "rJl=h FAB-MS+3(-7lOQ C30H22O10"r
1H NMR=Yn<Kk emodin (6-methyl-1,3,8-trihydroxyanthraquinone) F#8
+5'/8 125, 126)gx^H["o PM!nH[C-3/C-3’9w^
:S Penicilium]
avmL! rugulosin117-122)	_

avmL! graciliformin127)ly!  (Fig. 37)n<Kkw^"
Gd rugulosin graciliformin H-3/H-3’<?*1-b&,268)dW
i>"IRugulosin<?*1-b! 4.38 (H-3/H-3’)H-2 H-3A Jb
Key HMBC
3
514
2
Rugulosin A Rugulosin B Rugulosin C
Appearance Yellow crystal Yellow crystal Yellow crystal
Molecular weight 542 558 574
Molecular formula C30H22O10 C30H22O11 C30H22O12
HRFAB-MS (m/z )
                  Calcd.: 543.1291 (M+H)+ 559.1249 (M+H)+ 575.1190 (M+H)+
                  Found: 543.1281 (M+H)+ 559.1240 (M+H)+ 575.1192 (M+H)+
UV (MeOH) ?max nm (?) 205 (30100), 248 (25600), 388 (20600) 207 (23300), 248 (23500), 391 (20900) 207 (28700), 247 (31300), 390 (27100)
[?]D26  +426.6 o (c =0.10, dioxane)  +436.6 o (c =0.10, dioxane)  +289.9 o (c =0.10, dioxane)
IR (KBr) ?max  (cm-1) 3434, 3411, 1689, 1616, 1569, 1481 3423, 3266, 1727, 1720, 1652, 1454 3421, 2925, 1712, 1660, 1617, 1567
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 6.0 Hz&]p 118)graciliforminAH-51s! 4.90 (H-3/H-3’)H-2
 H-3J Js 0 Hz&] 127)>cPs}F "TlAH-51s
 )06:=,vf
 rugulosin ?t&]	!AV~& rugulosin 
(rugulosin AW) xv 
 
 
 
 
 
 
 
 
Fig. 37 Structures of rugulosin A and graciliformin 
 
2) Rugulosin CTlCh 
 Rugulosin CuC{ FAB-MS.7+1;Z'(=4+ (m/z) 575 
[M+H]+ &UC{ FAB-MS.7+1; "Z^ C30H22O12&Z^
 " rugulosin B rugulosin A "XiRZ 2Sq
Ez$ (Table 7)
!rugulosin B Tl 1H  13C NMR D` 2\Q NMR&KNv
13C NMR .7+1;15 ri-,2;
Im$!HSQC .
7+1; "$!ri1 S sp3(*-9/<=ri2 S sp39/=ri
1 S sp3(*-9/=ri1 S sp3YMri2 S sp29/=ri4 S sp2Y
Mri2S sp2(*-YMri  2S);83;ri$ 1H NMR
 15Sei-,2;
Im$ 2Sei-,2; 2eXK (! 
11.4 ! 14.7) j$!HSQCCh " Table 8] e
iriOV&Ln>cOB "Z^|kw#-,2;	I
m$		!AV~ rugulosin A xpbgyoTl&
#
j$ 
 1H NMR.7+1; rugulosin A [
AH-51s ! 2.419
/;ei-,2; (H3-15) 
a_dAH-51s ! 4.60 (*-9/<=e
i-,2;
Im$!1H -13C HMBC.7+1;Ch (Fig. 38)  "Im
$# 2J  3J 1H -13C@G)06:=,&Ch%H-6 (! 7.57) 	! C-7 
(! 152.2)C-8 (120.7)   C-15 (! 62.0) H-8 (! 7.27) 	! C-6 (! 117.2)C-7 
Rugulosin A Graciliformin
O
O
OH
H3C
OH
OH
O
O
OH
CH3
OH
HO
O
O
OH
H3C
OH
OH
O
O
OH
CH3
OH
HO
3 3
3'3'
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 C-15# H2-15 (! 4.60) 	$ C-6C-7# C-8tP
Nv'I
C-15HL1<6{ (! 62.0) #ce#%maQw_
$	%
H[ citreorosein (6-hydroxylmethyl-1,3,8-trihydroxyanthraquinone) R+D3@.9
D 128, 129)xYu)&
d\'xU[eP
H-2/H-2’ (! 2.76) 	$ C-5’/C-5 (! 55.5)  C-13’/C-13 (! 194.0) HMBCtP
K
'	$ C-2-C-5’/C-2’-C-5 EOU[
$	]hb'
C-4-C-4’EOU[&l 2M)Sob%)
!H[Yu) Fig. 31# rugulosin A 15,15’-2:,7C.1xT~
 (Fig. 31) rugulosin AHL1<6{ C-15/C-15’E)j*G|
 117-122) 
 
 
 
 
 
 
 
 
Fig. 38 1H-1H COSY and 13C-1H HMBC experments of rugulosin C 
 
3) Rugulosin BYuJp 
 Rugulosin B}J FAB-MS3>/6Ac,-D;/ (m/z) 558 
[M+H]+ )ZJ FAB-MS3>/6A#%ce C30H22O11)ce
#% rugulosin B rugulosin A#%"arWc 1Xz
K' (Table 7)
H[F&+D3@.9D=5CxYu&
s'g^
1H# 13C NMR3>/6AqiH[#yknf('2F&
+D3@.9D108A
''K'1H NMR3>/6A
rugulosin AV$'?4Amr108A (H3-15, ! 2.41)  rugulosin CV$'
-.1?4BDmr108A (H2-15’, ! 4.60) 
N`'	$emodine
R 125, 126) citreoroseinR 128, 129)+D3@.9DxYu)&s'g
^HMBC3>/6AJp (Fig. 39) 	$H-6 (! 7.44) 	$ C-7 (! 147.6)C-8 (! 124.0) 
# C-15 (! 21.5) H-8 (! 7.18) 	$ C-6 (! 120.5)C-7# C-15# H3-15 
(! 2.41) 	$ C-6C-7# C-8tP	$emodineR+D3@.9DYu
K
1
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O
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CH2OH
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O OH
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U
PH-6’ (! 7.58)  C-7’ (! 152.2)C-8’ (! 120.8)  C-15’ (! 62.0) 
H-8’ (! 7.27)  C-6’ (! 120.5)C-7’ C-15’ H2-15’ (! 4.60) 
C-6’C-7’ C-8’N;citreorosein=1$. )1AO8U


2 1$. )1?CXF;MG rugulosin C SX
HMBC N;8U
	rugulosin B AO Fig. 31  ruguroshin 
A117-122) 15’-*(0 #Q>R 
 
 
 
 
 
 
 
 
Fig. 39 1H-1H COSY and 13C-1H HMBC experments of rugulosin B 
 
2-3-3 RugulosinZYQ7L 
 Rugulosin ZYQ59 NOESY $,!'/ (Fig. 40) 4THJ 
(CD) $,!'/ (Fig. 41) 7L>RRugulosin B C NOESY 
$,!'/ 2 (2’) 2-%1+0'1 3 (3’) 2-%1+0'1: 3 
(3’) 2-%1+0'1 4 (4’) 2-%1+0'1:N;U	 3 
(3’) 2ID<YQ rugulosin AS3>R (Fig. 31)
CD $,!'/
7LB?65CW (+)-rugulosin121)SX 347-349 nm 279-280 
nmV"&'1@6403-404 nm 243 nmK"&'1@6E	
 rugulosin A C (+)-Q>R (Fig. 31, 41) 
 
 
 
 
 
 
Fig. 40 Key ROESY correlations of rugulosins 
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Fig. 41  CD spectra of rugulosins 
 
Table 8 1H and 13C NMR chemical shift of rugulosins A to C 
!c !H !c !H !c !H
1 186.7 - 185.7 - 186.7 -
1-OH 14.7 brs 14.7 brs 14.7 brs 
2 59.0 2.77 d (J  = 6.0 Hz) 58.3 or 58.4* 2.77 m 58.5 2.76 d (J  = 6.0 Hz)
3 69.2 4.38 dd (J  = 6.0, 2.0 Hz) 68.5 4.38 m 68.5 4.38 dd (J  = 6.0, 2.0 Hz)
3-OH 5.39 brs
4 48.2 3.36 brs 47.8 3.36 brs 47.8 3.37 brs
5 56.3 55.5 or 55.6* - 55.5 -
6 121.2 7.44 d (J  = 1.2 Hz) 120.5 7.44 d (J  = 1.2 Hz) 117.2 7.57 d (J  = 2.0 Hz)
7 148.3 - 147.6 - 152.2 -
8 124.7 7.18 d (J  = 1.2 Hz) 124 7.18 d (J  = 1.2 Hz) 120.7 7.27 d (J  = 2.0 Hz)
9 160.8 - 160.1 - 160.1 -
9-OH 11.4 s 11.4 s 11.4 s
10 114.8 - 114.1 - 114.9 -
11 181.7 - 180.0 - 181.3 -
12 106.8 - 106.1 or 106.2* - 106.8 -
13 194.6 - 193.9 - 194.0 -
14 132.7 - 132.0 - 132.1 -
15 22.2 2.41 s 21.5 2.41 s 62.0 4.60 s
1' 186.7 -
1'-OH 14.7 brs
2' 58.3 or 58.4* 2.77 m
3' 68.5 4.38 m
3'-OH 5.39 brs
4' 47.8 3.36 m
5' 55.5 or 55.6* -
6' 117.2 7.58 d (J  = 1.2 Hz)
7' 152.2 -
8' 120.8 7.27 d (J  = 1.2 Hz)
9' 160.1 -
9'-OH 11.4 s
10' 114.9 -
11' 180.7 -
12' 106.1 or 106.2* -
13' 194.0 -
14' 132.1 -
15' 62.0 4.60s
*Indicates that assignment between monomers is interchangeable
Rugulosin B Rugulosin CPosition Rugulosin A
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2-4 MitorubrinPd@` 
2-4-1 ~?Dm_] 
 6’-hydroxy-3’-methoxy-mitorubrin pB 4’-hydroxy-3’-methoxy-(S)-mitorubrin123)
	  monomethyl-(S)-mitorubrin124)~?Dm_]% Table 8IR.7+1
;@` "6’-hydroxy-3’-methoxy-mitorubrin3426 cm-1qK^TFy}H\
1625~1712 cm-1qK);83;Fy}H\	  1450 cm-1qK5'3;Fy}
H\Ee$6’-hydroxy-3’-methoxy-mitorubrin  UV H\.7+1;
250nm 	  347nm JiH\%X4’-Hydroxy-3’-methoxy-(S)-mitorubrin 
monomethyl-(S)-mitorubrin 	 6’-hydroxy-3’-methoxy-mitorubrin n|~?D
m_]%X
!$!?Rs=sZ#zc$ 
 
Table 8 Physico-chemical properties of mitorubrins 
 
2-4-2 6’-Hydroxy-3’-methoxy-mitorubrinPd@` 
1) 6’-Hydroxy-3’-methoxy-mitorubrinuxPd@` 
 6’-Hydroxy-3’-methoxy-mitorubrinkt@o FAB-MS.7+1;	tV&
(<4+ (m/z) 413 [M+H]+ %{Qt@o FAB-MS .7+1; "tVY
C22H20O8%{!6’-hydroxy-3’-methoxy-mitorubrinPd 1H	  13C NMR
	 A[ 2WN NMR%FLl13C NMR.7+1;22vjb-,2
;Ee$!HSQC .7+1; "$!jb3 O9/;jb
1O(*-9/;jb1O sp3(*-UIjb6O sp29/<jb4O sp2
UIjb4O sp2(*-UIjb	  3O);83;jbt$ 1H NMR
 20O^b-,2;Ee$ 5Ot^b-,2; 2^TF (! 
7.98	 ! 9.67)  191*-F (! 3.60) y}zc$!HSQC@
` " Table 9X ^bjbMR%Gf1H -1H COSY.7+1;
@` " Fig. 42ahaXrtPd IgSw!
!1H -13C 
HMBC.7+1;@` "Ee$# 2J	  3J 1H -13C>C)06:<,%@`
6'-Hydroxy-3'-methoxy-mitorubrin 4'-Hydroxy-3'-methoxy-(S)-mitorubrin Monomethyl-(S)-mitorubrin
Appearance Yellow powder Yellow powder Yellow powder
Molecular weight 412 412 396
Molecular formula C22H20O8 C22H20O8 C22H20O7
HRFAB-MS (m/z )
                  Calcd.: 413.1236 (M+H)+ 413.1236 (M+H)+ 397.1287 (M+H)+
                  Found: 413.1233 (M+H)+ 413.1243 (M+H)+ 397.1288 (M+H)+
UV (MeOH) ?max nm (?)  250 (21300), 347 (22900) 253 (13500), 348 (12400) 253 (13700), 348 (12800)
[?]D26 191.9o (c =0.10, CH3OH) 203.4o (c =0.10, CH3OH) 190.0o (c =0.10, CH3OH)
IR (KBr) ?max  (cm-1) 3426, 2931, 1712, 1625, 1540, 1450 3419, 2929, 1708, 1627, 1542, 1448 3442, 2964, 1710, 1625, 1540, 1448
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Fig. 42bH-11 (! 6.51) 
 C-9 (! 154.9) H-10 (! 6.24) 
 C-8 (! 108.4) 
	 C-9H-8 (! 6.57) 
 C-7 (! 142.7)C-9	 C-10 (! 122.6) H-1 (! 8.25) 

 C-2 (! 114.4)C-7	 C-9[CA]"
giI\ I C-98
GJ!m
C-1 C-9:?)2-a (! 154.7	! 
154.9) 
C-18 C-98BOZHP#<147K=#EX!SL
"C-108 C-118BD;9WCH-10 H-11B Ja
15.0 Hz#S
 E`Fb^H-1
 C-3 (! 192.6)H-8

C-6 (! 136.9)H-6 (! 5.57) 
 C-4 (! 84.4)C-7	 C-8H3-13 (! 1.42) 

C-3C-4	 C-5 (! 191.4) [CA]" YV147@ m-
'/7GJSL"", #-fjp(-7no! C-3 C-5:
?)2-a (! 192.6	! 191.4) 
QR"!H-4’ (! 6.35) 
 C-2 ‘(! 
112.1)C-3’ (! 150.9)C-5’ (! 147.8) 	 C-6’ (! 136.9)OH-5’ (! 9.67)
 C-4’ 
(! 98.6)C-5’	 C-6’OH-6’ (! 7.98) 
 C-5’C-6’	 C-7’ (! 124.4)H3-8’ 
(! 3.60) 
 C-3’	 H3-9’ (! 2.17) 
 C-6’C-7’	 C-2’[CA]
" 6’-0$.6')-3’-3-')-7’-3+5-2%/5K=_Nm

MUcC-4:?)2-a (! 84.4) 	 H-4’
 C-1’ (! 165.8) 
4J  HMBC [C>e"
C-4 8 C-2’8B&*,5GJ#EX!
SL"k:JhI\# Fig. 31FbkI\iP
T	fjpd#l! 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 40 1H-1H COSY and 13C-1H HMBC experments of 6’-hydroxy-3’-methoxy-mitorubrin 
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2) 6’-Hydroxy-3’-methoxy-mitorubrin1* (% 
 6’-Hydroxy-3’-methoxy-mitorubrin 1*2!0
4’-hydroxy-3’-methoxy-(S)-mitorubrin ([!]D +190.0°, CH3OH)123)   (R)-mitorubrin ([!]D 
-428.0°, CH3OH)130)  '  -  /  	      ,    ) ,    
6’-hydroxy-3’-methoxy-mitorubrin  $'# ([a]D+191.9°, CH3OH) "
 (Table 8)
&+1* 4’-hydroxy-3’-methoxy-(S)-mitorubrin. 4S,
 (Fig. 31) 
 
Table 9  1H and 13C NMR chemical shift of mitorubrins 
 
!c !H !c !H !c !H
1 154.7 8.25s 153.5 8.26s 153.5 8.24s
2 114.4 - 115.1 - 115.1 -
3 192.6 - 193.1 - 192.9 -
4 84.4 - 85 - 84.4 -
5 191.4 - 192.4 - 193.2 -
6 106.9 5.57d (J  = 1.0) 107.8 5.63d (J  = 1.5) 107.9 5.64d (J  = 1.5)
7 142.7 - 142.8 - 142.9 -
8 108.4 6.57d (J  = 1.0) 108.6 6.12s 108.6 6.10d (J  = 1.5)
9 154.9 - 155.4 - 155.4 -
10 122.6 6.24dq (J = 15.0, 1.5 Hz) 122.4 6.10dq (J  = 15.0, 2.0 Hz) 122.4 6.01dq (J = 15.0, 1.5 Hz)
11 134.9 6.51dq (J = 15.0, 7.0 Hz) 135.5 6.51m 135.4 6.57m
12 18.3 1.88dd (J = 7.0, 1.5 Hz) 18.6 1.94dd (J  = 7.0, 2.0 Hz) 18.6 1.93dd (J  = 7.0, 1.5 Hz)
13 22.2 1.42s 22.5 1.63s 22.4 1.60s
1' 165.8 - 165.8 - 166.7 -
2' 112.1 115.1 113.2
3' 150.9 - 146.6 - 160.1 -
4' 98.6 6.35s 134.2 - 97.0 6.25s
4'-OH - 8.54s
5' 147.8 - 146.9 - 158.4 -
5'-OH - 9.67s - 9.57s - 9.84s
6' 136.9 - 113.4 6.56s 109.5 6.25s
6'-OH - 7.98s
7' 124.4 - 131.5 - 113.2 -
8' 56.6 3.60s 62.9 3.91s 56.2 3.78s
9' 13.0 2.17s 20.2 2.42s 20.2 2.44s
Monomethyl-(S )-mitorubrinPosition 6'-Hydroxy-3'-methoxy-mitorubrin 4'-Hydroxy-3'-methoxy-(S )-mitorubrin
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f  ^ g|=LrKC_YOz
3-1 Xanthoradone,4315A[aEOz 
3-1-1 Xanthoradone@VKGA[ 
 XanthoradoneKGA[*TJqW	320+/-v$&bj
H?* Table 10 R5.0 µg / 6 mm disk bj)xanthoradone A
Staphylococcus aureus Bacillus subtilisxanthoradone B Bacillus subtilisA[*R
}\s#.65{[Ge!KGA[I%(8uXs|B
' MRSA K-24Be10 µg / 6 mm disk KGA[*bj)	(
 xanthoradone#`P;*RQ	xanthoradone MRSAe'
MICh*o~:dDUv 131)bjH?xanthoradone AB$ C
(( MRSA K-24Be(( MICh 4.02.0$ 8.0 µg/ml*R 
 
Table 10  Antimicrobial activities of xanthoradones against 6 species of microorganisms 
 
3-1-2 320+/-v$',4315A[aEp> 
 Xanthoradone Xs|B MRSA K-24 Be' IPM A[aE*320
+/-v$&p> 54)x=Lr 10 µg/ 8 mm disk nk(SZ 
MRSA e`P;m"%(eMRSA ]79F*y
	 
IPM10 µg/mLcN<xanthoradone A$ BA[m"%(`P
;xanthoradone A 10mmxanthoradone B 13mm*Rxanthoradone C	
`P;I%( 
 
3-1-3 o~:dDUv$'A[p>$Mwl[ 
 320+/-v	 IPM A[aE*R xanthoradone	
A[aEOz*o~:dDUv 54, 131)$&i tznk MRSA]79F*
y
	 xanthoradone AB$ C 1/4 MICh' 1.00.5$ 2.0 µg/mL
Xanthoradone A Xanthoradone B Xanthoradone C
Bacillus subtilis  KB27 (PCI219) 9 9 -
Micrococcus luteus  KB212 (ATCC9341) - - -
Escherichia coli  KB213 (NIHJ) - - -
Xanthomonas campestris pv. Oryzae  KB88 - - -
Candida albicans  KF1 - - -
Mucor racemosus KF223 (IFO4581) - - -
5.0 µg/ 6mm disk
Inhibition zone (mm)Test strain
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dlMTT | 132)_Jurkat W}i$qb uHSI&
Table 8 Z 
 MRSA K-24Mi$ IPM MICj 16 µg/mLixanthoradone A

!B&x$MICj%% 0.060
! 0.030 µg/mLkG
xanthoradone A B IPMi 266~533sLbgP&Z"
xanthoradone C=:5(,|f%!	~uH{| 32sg
P]  
 F{Jurkat W}i$W}qb xanthoradone A IC50j 23.2 µg/mL &Z
xanthoradone B IC50 j 2.6 µg/mL&Z 
 
Table 11  MIC of imipenem (IPM) against MRSA in the presence of xanthoradones and 
cytotoxic effect of xanthoradones on Jurkat cells 
 
3-1-4 XanthoradoneK^UQXi$LbgPuH 
 3-1-3p{|xanthoradone AYnE$UQi$LbgPY
&uH 54, 131)UQX!-lactam zW}yVceJX$-A.=
<37R9D.>)0DVCM2D:,[VceJX'?8-A.0
7R16B<6>)0DSM46@/),ADR46@/),ADTCO
>,C@)7R*A1C>)0DEM" DNA VceJX+8
CDR0<C;C+/0DCPFX%%YNYE$ &
SIIPM  MIC jxanthoradone Ax!# 16 µg/mL " 0.060 µg/mL 
 266sgP&ZF{hUQXLbgPYr"%$
ta] (2smo)   
 
3-2 RugulosinU MRSALb 
3-2-1 =:5(1,|!$LbuH 
 `wM MRSA K-24 M
! 92-1191 Mi$UQLb&\Tv_=
MIC of IPM Potentiation Ratio IC50
(µg/ml) (None/Xanthoradone) µg/ml
None 16 1 N.T.
Xanthoradone A 0.060 266 23.2
B 0.030 533 2.6
C 0.500 32 N. T.
*Concentrations of xanthoradones A, B and C are 1.0, 0.50 and 2.0 µg/ml, respectively.
In combination with
 63 
*)&('T!Q.10 µg / 6 mm disk GM
$rugulosin A
 MRSA K-24 1K 15 mm92-11911K 14 mmF<-%=+
Srugulosin B C#1KF<-%= (Table 12) 
 I 6 A6K" rugulosinX:60E%Q. (Table 2) 10 µg 
/ 6 mm disk GM
$rugulosin A  Bacillus subtilis K 10 mm
Micrococcus luteusK 13 mmXanthomonas campestris pv. oryzaeK 9 mm 
F<-%=	 Escherichia coliMucor racemosus Candida albicans0E
	8 #+Srugulosin B C
# 6A6K#F<-%
= (Table 12) 
 
Table 12 Anti-MRSA and antimicrobial activities of rugulosins 
 
3-2-2 PW,J2?T"0EQ. 
 Rugulosin X3H:6V" IPM : MRSA 0E%PW,J2?T 131)
! MIC L%GM0E%Q.7/% Table 13 IPM  MIC
L MRSA K-2414 92-11911K## 16 µg/mL 64 µg/mL MIC 
L%=MSSA KB-2101K 0.016 µg/mL 
 Rugulosin A MRSA K-241 92-11911K## 0.125 µg/mL1.0 
µg/mLMSSA KB-2101K 0.036 µg/mL MICL%=IPM!OD5
: MRSA 0E%= +Srugulosin BCK-241KMICL 32 µg/mL
64 µg/mL92-11911K MICL 64 µg/mL128 µg/mL@	 : MRSA
0E%= 
 
3-2-3 Jurkat ;UK";UNE 
 >9RBrugulosin A C;UNE% MTT T 132)  CGM
Rugulosin A Rugulosin B Rugulosin C
MRSA K-24 15 - -
MRSA 92-11091 14 - -
Bacillus subtilis  KB27 (PCI219) 10 - -
Micrococcus luteus  KB212 (ATCC9341) 13 - -
Escherichia coli  KB213 (NIHJ) - - -
Xanthomonas campestris pv. Oryzae  KB88 9 - -
Candida albicans  KF1 - - -
Mucor racemosus KF223 (IFO4581) - - -
10 µg/ 6mm disk
Inhibition zone (mm)Test strain
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A;rugulosin A  Jurkat FiW IC50 Y 55.9 µg/mL $Krugulosin B C
 100 µg/mLd`bOc # (Table 13) 
 
Table 13  MIC of rugulosins against MRSA and MSSA, and cytotoxic effect of rugulosins on 
Jurkat cells 
 
 
 
 
 
 
3-3 Mitorublinn Candida albicansW"0',)1CN@<OU>Hl 
 RQM 3L mitorubrinn0',)1CN@<OU>Hl$/
-*%(&h 133))!f9A;$ Table 14K 
 0',)1j_:eZB\.2+# 8Dg 0.1~50 µg/6mm disk 
d`STJ6	=I#	C. albicans P45?$k 0.060 µM 
0',)1VG7B\.2+lm3V^TJ6	X
=I#[
monomethyl-(S)-mitorubrin	E><OU>$K50 µg/6mm diskd` 30 
mm  T J 6 	 = I  #      6’-hydroxy-3’-methoxy-mitorubrin 
4’-hydroxy-3’-methoxy-(S)-mitorubrina]`U><O$K 
 
Table 14  Potetiation of micanazole activity against C. albicans in combination with 
mitorubrins 
 
 
 
 
 
 
 
 
 
MSSA
K-24 92-1191 KB210
Rugulosin A 0.125 1 0.036 55.9
B 32 64 16         >100
C 64 128 64         >100
Imipenem 32 128 0.016 N.T.
(µg/mL)
MRSA CytotoxityCompounds
Concentration
µg/disk Plate A* Plate B**
6'-Hydroxy-3'-methoxy-mitorubrin 0.1 - -
1 - 7
20 - 10
25 - 18
50 - 23
4'-Hydroxy-3'-methoxy-(S)-mitorubrin 0.1 - -
1 - 8
20 - 10
25 - 18
50 - 20
Monomethyl-(S)-mitorubrin 0.1 - -
1 - 8
20 - 16
25 - 22
50 - 30
  *Plate A; GY agar
**Plate B; Plate A containing 0.060 µM miconazole
Compound Inhibition zone (mm)
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 4 cj 
  2wyY Penicillium radicam FKI-3765-2Q (Fig. 30) oqk
#
 `   x V J e  xanthoradone ¤  rugulosin B  C 	 " 
6’-hydroxy-3’-methoxy-mitorubrin T}k¡¢~bL	"aR
ui tFI1) (?>7@P{Xi &$ xanthoradone
¤T$_W2) a MRSAP{&$ rugulosin¤T$_W	" 3)?-61
CayYP{Xi &$ Mitorubrin¤T$_Wcj$ 
 
1) (?>7@P{Xi &$ xanthoradone¤T$_W 
 yY Penicillium radicam FKI-3765-2Q}k$oqk&(?>7@P{
Xi &l~&z xanthoradone¤ 3|xVJe&¢ 
 Xanthoradone ¤bNr NMR />+4CL"\
b&.95D6<4;A8EgO6<4*8EgO&$vZ:'
BCb$&#
 (Fig. 31)":'BCb&nJe
Penicillium viridicatum}k$ xanthoviridicatin D134)Penicillium chrysogenum
}k$ HIV-1 (E3,A0Mh xanthoviridicatin E  F135)f%$ 
(Fig. 43)%#Jeb xanthoradone ¤¤m$2 rS]e
pH$Xanthoradone¤.95D6<4;A8E C-9G6<4*
8EdS C-8’G]e$UJe xanthoviridicatin .9
5D6<4;A8E C-9 G6<4*8E*8E C-2’]eb&
$%#Je}e|[¥.95D6<4;A8E6<4*8E
)2=BE,
#}$%}kY£Je&}k$K{!c
#%$HPLC	" LC/MS 
#^s%
 
 
 
Fig. 43  Structures of xanthoviridicatins D to F 
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 Xanthoradoneí C-2[	+ë¹ C4AOVZ7(* H-2 (! 4.79) 
Hax-3 (! 3.00)l 10.0 Hz¼ J¿k·,
) axial-axialÍÁ
),C-2[T@Wo. equatorialÜ|Â (Fig. 31)àbÖí(<
KEYFNDMUHZf.ä+¨xåêL0VWbÖ vioxantin136)
rubrosulphin137)viomellein137)' luteosporin138)Ú,	*,)bÖ°ºë
¹ÍÁ ! 2R +
)xanthoradone í&É°ºÍÁ+æ
´,	°ºë¹ÍÁ|Â ¡Ý.è X ±}¦¶d®'är
bhÃ Ý.è~È.Òé+ 
 ½ 3¯ xanthoradoneí IPM MRSAi«µuè£!#
PJC1=6Ý(xanthoradone A Bi«.Ôc-bÖ
© MRSAº+­]³e IPMnäÏÀ$ MRSA­]³e.
_sâ)
,ºxanthoradone CMRSAº+ IPM
i«µuè gË,Xanthoradone C xanthoradone A' B C-2[
 C-3[¾ª²ßî¶.ä+(*Õ[	+Ê¡}
¸i«ÐÄæ´,)Ñìa¹pÝ 54, 131)Ôc

)MRSA­]`w.çÌÇ xanthoradone B.Øè+(*IPM
 MIC¿. 16.0 µg/mL
) 0.030 µg/mL# 566Î&µu+â)

 (Table 11),º\+èr¥.ä+ÅzÃx (=DXO
DR2;ZIZ9R2;ZBDU:26VZ';OYNY5:;Z)  MRSA
i« "/`w

)àbÖèÆ 
"-lactamase
ÞÙ¬^æ´, 76, 77) 
 "-U6?Sã MRSA i«.µu+bÖ q§ÖåêQVN
3HWí  (epigallocatechin gallatecoriagin ' tellimagrandin I) 104-107) '¬bÖ
MC-200, 616139)Ú,	*è MRSA PBP2’i«³e(+
,+ (Fig. 28)108)àÔc{
)&¨xåê stemphoneí 54, 55)Û±xåê
cyslabdane140, 141)¢,	*cyslabdane m y*ÓÃ×
ÞÙ¬^+ fem B +Ú, 142),#Ú,+
µuÖ¶ QVN3HW'BWPZåêbÖ$xanthoradoneí
(QV8@EåêbÖ ¤%Ú+%èT4G>Sdâ
vá,+ 
 
2)  MRSAi«.ä+ rugulosiním+t 
 ¨x Penicillium radicam FKI-3765-2j­+Ê»Ö. MRSAi«.
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wbc(]2`y[@ rugulosin(l 
 RugulosinzJg=V NMR.3,05<d"Co
Jg()6.4+16O>ti92.)6.4+16Jg%(#

#NOESY TG! CD .3,05<d"$eji(Co
?h rugulosin (rugulosin AP~) 117-122) s8%Co (Fig. 31)Jg
R?mxS rugulosin117-122)graciliformin127)luteoskylin118)! cytoskylin143)|
N&% (Fig. 44)Cytoskyrin B"-0-*15H{7_"%vjZB
tiB)6.4+16|N&%rugulosin B"7%)6.4+1
6O>ti(%9Mxm#&	#YmF}a
QAkUQxn
#rugulosin(J`%liB)6.4+16 emodine125, 126)
 citreorosein128, 129) l% (Fig. 44)}9Mxbc;p	^I
qa`%:u_K#&
#emodine! citreoroseinli(5
/6L'&%bcX( tiJgfr%a`xEW&


#rugulosin\AaQ%kUQxD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 44  Structures of fungal anthraquinone dimers and monomers 
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 º 3 ©rugulosin î} MRSA e£( ´}qe£!
#ÒìZµjÜ 131)(*rugulosinî MRSA n  MSSA ¶+ MIC ½
²Â.t]rugulosin AMRSA ¶ MIC ½ 0.1251.0 µg/mL .
k³á+ IPMÏd&Ðp} MRSA e£Ë%), (Table 13)
Rugulosinå q(¥Ú,¸Ö 117-122)*}qe£
'} HIVe£¥Öe£Ú,+ 144, 145))MRSA¶+
}qe£gÚ,)Þvo(%ß),¾w
+YÛmÖ+ rugulosin B C MIC ½ 32128 µg/mL rugulosin A
Ï!} MRSAe£.)C-15 (C-15’) V¢iÞe£ÍzÄ

),#_æ MRSA í×éf*T-O5@MK
5RO2CABO925PS4FRSn 0LF6P8;Cr}¥Ö·£
+%rugulosinî,)k³áÙæl.ä¯,+äÑÃ
^¨+MRSA 92-1191f K-24fÏ! PBP 2’.Íz+
×+,&g-)rugulosinîë MRSA¶+ MIC½¹
) PBP 2’U`ÔÃæ} MRSAe£.Íz+
),
+)rugulosinîHB T PSGãèÝ Jurkat ¶+ÝÉ£.Á!
t]50-100 µg/mLÌÆÎWxÀÉ£Ë%), (Table 13)(	
ÝÉ£"/&g-) MRSA ¶¬»Ãe£.
){æN3E=M^ßuÇÓç
),+ 
 
3)L8D?Q} qe£°pæ.â+ mitorubrinîg+vo 
 Èqf¥+Ê¸Ö.L8D?Q} qe£°pæ.Ô¦§.
¡%m[Ö 1¤×.h$ 3¤× mitorubrinî.¼é 
 m[Ö 6’-hydroxy-3’-methoxy-mitorubrin Øà~±b NMR <J
5BQ^¨(sÂ~±.2>5RNSc.h$0:I1RS~±
+.ß))k¾[Ö«|Æ 123, 130)Ïd)ª¶ê
µ.sÂ (Fig. 31) 
 º 3©¼é mitorubrinîL8D?Q} qe£°pæ!
4’-hydroxy-3’-methoxy-(S)-mitorubrin123)7OEQ7OEQÅX­ I (GGTase I) 
®aÚ,+monomethyl-(S)-mitorubrin124)g¥Öe£Ú
,)mitorubrin îÞ°pe£.%¾w
+ÞÕ\r),#actofunicone133)beauvericin146)citridone147, 148)tensidol149)
( citrinamide150).Ò¥Öy)w¿beauvericinîg
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mIcP&+-#)%6M:?gM Rhodamine 6G chloride (Rh6G)  
qoN<mIcP)-(X1Z83U L
l
 151)NHsRhrmI\U C. albicans ][T CDR._K
 ABC &+-#)%0Sd=!$,\U 2b@
mIcP)-(X1mI\UCf9@Mitorubrin
tJo^4WQOEN<5F>;`ep@
C. albicansGkiBV4
jD GGTase I123) X1

Gkia0U A*"'$,3UZ8Jo /	7
nY 
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¹e  
 
 êþä¾%h³Ý,ª)¥f«â,Ã)
&(BR/Ò¢&(ãö*§r 2g (FKI-3765-1	& FKI-3765-2g) Ø¾
âÉ&( 4 10¬ã¥nYâ,Ý{­ÛôÂö®¯º]
°	& ­âf«,É¤¹e) 
 
 À 1 H4QC-8éÎÇ±¶a,ßàZu&(Ý{
pentacecilideû"#Pentacecilide A
' D§r Penicillium cecidicola 
FKI-3765-1 g­ñÜÊODS 2MI4QH?5MC.	& HPLC &
(Âöåíºb NMR9F4?O]°&(wÌJQ:93>O
FSc&) 5j«º
'¬)ì'
"NOESY|&)¸¼÷
»ÚÆ]°
'A-B jüx?MS9s B-C jüx79swÌ
'pentacecilide C ^ùK=7Lç,ÐW)²¼÷»ÚÆ,
2R5R7S8R9R10S8’SwÌ 
 H4QC-8éÎÇ±¶af«TX 2 ûæç1) è×t¬*
éÎ,t½k)æç	& 2) NG;I$1P/SMEO»,
("~è×Ç±*É«,Ìú)æç,òàZ,"
éÎt½kx[&(pentacecilide A B	è×t¬*)
éÎ©%¿}k*'H4QC-8éÎÇ±£y	
É«,Ìú+ pentacecilide Af«$oCE´ÁÏ­¬, 3.65 
µM  IC50Å¶a)ì'
pë¦4’UC0AO«
¨m,J<OmÆiïÖ» 4CE TGø­¬,** 13.6 8.40 µM
 IC50Å¶a
'4’UÑ,ÓïÖ»_Ýpë*) 
'pentacecilideûlòÑ]°,Pentacecilideû CE
­¬,´ÁÏ¶a)#CE ­¬¾výÈî¶aáU
zÔ"DP5@AQS,ò|&(N;;I6P9>QOÇ±
T¾\Í,¶a)ì'
CE ­¬Ä`µ
) ACATf«¼)Vq,Ë!+pentacecilideû ACATf«,¶a
),{T¡&(pentacecilideûH4QC-8 ACATf«
,¶a)&(è×éÎÇ±,õª)'*"ïÖ» 4	
dÙ* TG­¬¶aòÑACAT¸Õ« DGATf«
¼)Vqð·*)~ zÔÞó) 
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 ¸ 2 p³§× (0NKCON5A;T) i¦¯t,Õ¤w P. 
radicam FKI-3765-2j
§)Ê·×	'çÏ¾ODS1RO3UM?4
RI/& HPLC&(ºê 3¢r`× (xantoradoneírugulosiní
& mitorubriní)  # 
 Xanthoradone A	' CÙâ°e NMR8K3?Td¨&yÀ7
F@UAI?HRDVfAI?2DVf
zG.ST°,ä)á
'	0NKCO MRSA i¦¯tKE>/83Û,è MRSA
§Z\vÌÅ0NKCO,mä)Î½ÒÃbÎ½ 2 íÎ½
 MRSA¶)­^,±À)&(Öazcxanthoradone A
 B 0NKCOs³_! MRSA i¦,
á'	[Ú
xanthoradone C-0NKCO MRSAi¦,¯t		'R3
?Vk¡ 2zÝi¦Â
å®*'Óì]µoÛ
&)Öa	'MRSA§Z\v,æ xanthoradone B,Øè)&(
0NKCO MIC»
 16.0 µg/mL	' 0.030 µg/mL ¿_xanthoradone B0N
KCO MRSA i¦, 566 Í¯t)
á'	*¶
´èqX)wã MRSA i¦ xanthoradone AØè&-
\v,æ	&(Ý`×&)¯t!-R3<OÈXÁè
)
gË*ÝÖax	'*  stemphoneí% cyslabdane
Ó§
×~	'|*)
xanthoradoneí*'¯t×°Á¬X
(èÄY
*Ò uÞ£ 
 Rugulosin B CÙâ°e NMR8K3?Td¨&yÀ.V8
R2DVf
J=U&LQÊìµ`G8.V8R2DV°,ä)á
'	²NOESY }% CD 8K3?Td¨&(©¶ëµ,yÀ
p³(+)-rugulosin (rugulosin Aàß) Ç[),á'	MRSA 
K-24 j¶)wi¦Óì]µoÛ&(ÖaRugulosin A 
 MIC »
0.125 µg/mL$ti¦,rugulosin B C MIC» 32~128 µg/mL
i¦,	'15 (15’) W¥n
i¦ÐÂ
å®*
 Jurkat Ü¶ÜÉ¦-$l+' MRSA ¶
«¹Áwi¦,	'èP1B9Odá{Æ
Ôé'
*) 
 6’-Hydroxy-3’-methoxy-mitorubrinÙâ°e NMR8K3?Td¨&
yÀ0:3UPVf,m".6I/UV°),á'	
'p¼`×ªÅÑh	'©¶ëµ, 7S yÀCandida 
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albicans¨(E6=9JpgY¥eÞCA:-82ÏÅV 
­#monomethyl-(S)-mitorubrin|#eY+
&Ñv\È
Ý   Y  ¿ m   ß   (    Û ¤  )     
4’-hydroxy-3’-methoxy-(S)-mitorubrin  C. albicans}ÐÌw]*(5H>J
5H>J´Pu¡ I (GGTase I) ¢XÍx)(
&mitorubrin
âGGTase I+¢X(E6=9J¥eÞ+Tb(Û¤)
(
&yn}j·Ãßs&)( 
 
 NÒãË2Zg%'¿laÉYÉ "¹
g P. radicumFKI-3765-2Z«É
&q¦O( 3 6ÊaUw
Él)))¹®°ÉY+
&ÒgZÁG>
2É½+Ù(Û¤)yn¾ài¶j·+t&
§ÙÞÉ¿l`©(~h¼5?FW%'g§
º«ÉwQµ^ )(Õ&
(
&#%
Ég+z(É¯dÙo¬Ss&)( 
 h¼§Ø_fÂÉÉ82I>L3À$68;AB/DL
8M+áÚ² É
&±ªSÎ² Éq¦°#Y°#§
ÜÇ,	'£Ø$ÔmWÕ+Ö4E1J@.0K7kcÊ×
	ß{»)(Òkc
&laUwÉq¦°!
&Y°#¹(UwÉ(
&¸ ÓrU$[ÙoRØÆ
I<¿³Ä°Ê¯d(+`© 
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p\¢  
 
1. ~Wh±M£o´aX  
1-1 e¶Tk­ 
WN 
 ©[U°WN¨³L¨³ªIL[Ux £l]/B0
3A%z¤´!WN
 WN[UYJFKI-3765-1 N
Penicillium cecidicola FKI-3765-2N Penicillium radicum!!! 
 
k­ 
 KH2PO4K2HPO4KCl ´°®S¯QHL (N) 
b+>,.8=762BMgSO47H2O NaNO3¸_w­`V (N) 
bc§&).'=&B0>c§`V (N) bO|
¡ (N) b%0=#¥Fym (N) b 
 
 
 ¦°q¬ LCA  (0.10% +>,.0.080% KH2PO40.020% K2HPO4
0.020% MgSO47H2O0.020% KCl0.20% NaNO30.020% c§&).1.5% O
pH 6.0)"°t±GP 2.0% +>,.0.20% c§&).0.050% 
MgSO47H2O0.50% 8=762B0.10% KH2PO40.10% OpH 6.0"°
h±° F36DG%0=#¥" 2nP}
30¤P¤"^500 mLgK4<., 1© 50 g%0=#
¥"¤'2*?5«W"° 
 
ujTi°SR 
 ODS (<:*92+<4$° SSC-ODS-7515-12 /B-;IL (N) 
bdE*@92+<4$ (HPLC) 8B6 L-2130 (µfx 
(N ))"ZvR L-2400 (µfx (N ))"?,1 D-2500 
Chromato-integrator (µfx(N))"°¤s°(<: PEGASIL ODS (C20	
250 mm, /B-;IL (N))"i°²HL{DGSR"°
_©¤_r DIP-1000"°UVZvR BECKMANr DU 
640"°IR  HORIBA r FT-710"°CD .7*2>©¤_
r J-720"°o·¤©¤_r JMS-DX300 (FAB-MS)JMS-AX505 
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HA (HR-FAB-MS)JMS-T100LP (ESI-TOF-MS / HR-ESI-TOF-MS)) NMR 
Variani{ MERCURY 300 (300 MHz)$! XL-400400 MHz)  
 
1-2 uXyb¡ 
uX P. cecidicola FKI-3765-1R¡ 
 XR   LCA 0<?425°CBo2 lT¡_gF
#) k¡ GP  100 mL )V" 500 mL aO9<0/ 
LCA0<?4%DYfrX27°C210 rpm2Tt¡_
yb¡ F36 50 g)V" 500 mLaO9<0/k¡E) 1.0 mLrX
27°C15T|¡)` 
 
uX P. radicum FKI-3765-2R¡ 
 XR¡# FKI-3765-1R`yb 1.0 mL rX_27°C
13T|¡)` 
 
1-3 Pxh¢z{ 
Pentacecilide§¢z{ 
 uX P. cecidicola FKI 3765-1R) 500 mLaO9<0/ 20 (1000 g)15T|
¡_ 2.0 L*14?)G30TN¨'n)`nE
)©H_©E)*14?¤W%(wE) 2.0 Lvc,3> 3K
nvc,3>nE)w¥c54=+:w_©H©E)]A
m}n 1.78 g)}n)p¦ 30%*1464=>wEJ
ODS-<:100 g, @3.0	250 mm ) *1464=>w30%50%
70%100%*1464=>wE, M 250 mL) 2Kn[L
nPentacecilide A B)V"I (100%*1464=>wEnI 1
) )mS^'Qsqh 51.3 mg )()p¦;27>
Jj HPLC-<:PEGASIL ODS 20	250 mmC~70
*1464
=>wE£8.0 mL/min\nUV at 210 nm) z{)`de
T 30 27 pentacecilide A$! Bn((%8.)Z&
j_%(nE)mS^'s pentacecilide A (4.48 mg)
B (11.7 mg))¢ 
 Pentacecilide C DU 70%*1464=>wEnI 1(172 
mg)$&j HPLC-<:PEGASIL ODS 20	250 mmC~55
*1464
 75 
;<lBr8.0 mL/minXeUV at 210 nm&mn&\`a
P 24 15 pentacecilide C  De$$!6,&U"c
[z!$eB&|dOZ#i pentacecilide C (56.6 mg) D 
(5.11 mg)&t 
 
Xanthoradonerugulosin  mitorubrintmn 
 jT P. radicum FKI 3765-2N& 500 mL^L7:.- 20 (1000 g)13{Pov
}[ 2.0 L'/2>&D30PK#we&\weB
&E[B&'/2>Sz!$lB& 2.0 Lk_)1< 3Hw
ek_)1<weB&l_32;(8sl[EB&Y@|
dpwe 1.80 g&zpwe&f 30%'/242;<lBG
ODS+:8100 g, ?3.0	250 mm &'/242;<l30%50%
70%100%'/242;< 0.050%2;7<*=k_ (TFA) lB, J 400 mL& 2H
e~VuIxeXanthoradone AB  C&RF (70%
'/242;<lBeF 2) &|dOZ#Mihb 385 
mg &z$&f905<Gc HPLC+:8PEGASIL ODS 20
	250 mmAyq80
'/242;< 0.050% TFAlBr8.0 mL/minXe
UV at 210 nm&mn&\`aP 2729 37 xanthoradone A
B  Ce$$!6,&U"c[z!$eB&|
dOZ#iWg xanthoradone A (7.30 mg)B (5.60 mg)   C (1.12 mg) 
&t 
 Rugulosin AQ70%'/242;< 0.050% TFAlBeF 1 
(95.2 mg)  "c HPLC+:8PEGASIL ODS 20	250 mmAyq70
'/
242;< 0.050%2;7<*=k_lBr8.0 mL/minXeUV at 210 nm
&mn&\`aP 20 rugulosin Ae$$!6,&U
"c[z!$eB&|dOZ#CiWg rugulosin A (41.4 
mg) &t 
 30%'/242;< 0.050% TFAlBeF 1 2]%|dO
Z#Mihb 101 mg&z$&f905<Gc
HPLC+:8PEGASIL ODS 20	250 mmAyq35
'/242;< 0.050%TFA
lBr8.0 mL/minXeUV at 210 nm&mn&\`aP 50
 10 e$#6,&U"c[z!$eB&|dOZ#
CiWg rugulosin B (16.9 mg)  C (13.3 mg) &t`aP 4257
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 60 s 8)![oa sH!rT`
   K v    6’-hydroxy-3’-methoxy-mitorubrin (5.20 mg) 
4’-hydroxy-3’-methoxy-(S)-mitorubrin (2.50 mg) monomethyl-(S)-mitorubrin (1.80 
mg) !¡ 
 
1-4 d\ 
 }bV1.0 mg/mL pentacecilide¥ xanthoradone¥)
DD=C?Hrugulosin¥,&(*EH mitorubrin¥@07C
UVP*E:C 0.010 mg/mLIR KBr
Pp NMR
pentacecilide¥xanthoradone¥ mitorubrin¥
 CDCl3 (Across) rugulosin ¥ DMSO-d6 (Across) Rugulosin ¥
CD-<)3C 0.010 mg/mL,&(*E 
 
2. Pentacecilidegy  
2-1i 
 (S)-(+)-  (R)-(-)-!-@3(+-!-(3B9C&D@1C)9$6Cwh (MTPA) )
DA#4 NaBH4 ¦btcZ (S) f3B%1C">E (TEA) 
TMS-,"/@0E;(*EH5'A#2-)f4-,@1C">78
B,E (DMAP) gym^ 
X~VMR (S) f 
 
2-2 gym^ 
(S)-(+)-  (R)-(-)-MTPA%-2Cgy 
 Pentacecilide C (5.0 mg, 0.010 mmol)!,)DD@0E  (0.50 mL) O 
(R)-(-)-MTPA)DA#4 (16.5 mg, 0.065 mmol)DMAP (5.3 mg, 0.043 mmol)  TEA (10 
µL, 0.073 mmol) !NkL 10jUQ§JH!wh%1CWn1.0 N
Ih|uX!_F¤Y l!o HPLC ('A?PEGASIL 
ODS 20250 mmG80 ".363BC 0.050% TFAxH£8.0 mL/min
] s  UV at 210 nm)    ¡ z { ! e 
  v  l  	  7, 
4’-(S)-(+)-a-methoxy-a-(trifluoromethyl)phenylacetoxy pentacecilide C (1) (7.40 mg, 0.0081 
mmol, q¢ 80.6%) !(S)-(+)-MTPA)DA#4! 
m^!e

vl	 7, 4’-(R)-(-)-a-methoxy-a-(trifluoromethyl)phenylacetoxy pentacecilide C (2) 
(4.63 mg, 0.0050 mmol, q¢ 61.5%) ! 
 7, 4-(S)-(+)-a-methoxy-a-(trifluoromethyl)phenylacetoxy pentacecilide C (1): 1H-NMR (400 
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MHz, CDCl3) ! 1.05 (s, 3H), 1.06 (s, 3H), 1.10 (s, 3H), 1.36 (s, 3H), 1.52 (d, 3H, J = 7.0 Hz), 
1.68, 2.28 (m, 2H), 1.85, 2.14 (m, 2H), 2.17 (s, 3H), 2.57 (m, 2H), 2.74, 2.82 (dd, 2H, J = 17.0, 
11.0 Hz, J = 17.0, 3.5 Hz), 3.52 (s, 3H), 3.73 (s, 3H), 4.58 (m, 1H), 5.54 (m, 1H), 5.56 (m, 1H), 
6.35 (s, 1H), 7.26 (m, 3H), 7.44 (m, 3H), 7.52 (m, 2H), 7.75 (m, 2H); HRESI-TOF-MS (m/z) 
found: 941.2935, calcd: 941.2948 [M+Na]+ for C47H48 F8NaO12 
 7, 4’-(R)-(-)-a-methoxy-a-(trifluoromethyl)phenylacetoxy pentacecilide C (2): 1H-NMR (400 
MHz, CDCl3) ! 1.14 (s, 3H), 1.17 (s, 3H), 1.30 (s, 3H), 1.33 (s, 3H), 1.53 (d, 3H, J = 7.0 Hz), 
1.87, 2.16 (m, 2H), 2.31 (m, 2H), 2.17 (s, 3H), 2.50 (m, 2H), 2.74, 2.82 (dd, 2H, J = 17.0, 11.0 
Hz, J = 17.0, 3.5 Hz), 3.53 (s, 3H), 3.76 (s, 3H), 4.57 (m, 1H), 5.60 (m, 1H), 5.61 (m, 1H), 6.31 
(s, 1H), 7.32 (m, 3H), 7.44 (m, 3H), 7.52 (m, 2H), 7.74 (m, 2H); HRESI-TOF-MS (m/z) found: 
941.2980, calcd: 941.2948 [M+Na]+ for C47H48 F8NaO12 
 
3S*-Hydroxy-pentacecilide A6B 
 Pentacecilide A (2.9 mg, 0.0070 mmol) # & (0.50 mL) Q.
NaBH4 (3.3 mg, 
0.087 mmol) -	9, 10 80/V
M+Q*A1;
@7&I
>
P2F5(U3
KEN:O< HPLC ($"PEGASIL ODS 20
250 mm)JG80 %& 0.050% TFAAQ*TH8.0 mL/min4
>UV at 210 nm)ORCD
L?N: 3S*-hydroxy-pentacecilide A (2.50 mg, 
0.0060 mmol, =S 85.7%) K 
 3S*-Hydroxy-pentacecilide A (3): 1H-NMR (300 MHz, CDCl3) ! 0.86 (s, 3H), 1.02 (s, 3H), 
1.09 (s, 3H), 1.26 (m, 1H), 1.29 (s, 3H), 1.46, 1.56 (m, 2H), 1.55 (d, 3H, J = 6.0 Hz), 1.66, 1.80 
(m, 2H), 1.70 (m, 2H), 1.76 (m, 1H), 2.00, 2.08 (m, 2H), 2.40 (m, 2H), 2.68, 2.85 (dd, 2H, J = 
17.0, 11.0 Hz, J = 17.0, 3.5 Hz), 3.26 (dd, J = 10.0, 4.0 Hz, 1H), 4.63 (m, 1H), 6.26 (s, 1H), 11.0 
(s, 1H); HRESI-TOF-MS (m/z) found: 437.2290, calcd: 437.2304 [M+Na]+ for C25H34NaO5 
 
4-O-Methyl-pentacecilide A6B 
 Pentacecilide A (2.0 mg, 0.0049 mmol) # & (0.20 mL) Q.
 TMS-
#'!'Q* (200 µL, 0.10 mmol) -	 40°C 2480/V
M+Q*
5(U3
KEN:O< HPLC ($"PEGASIL ODS 20250 mm)JG
80 %& 0.050% TFAAQ*TH8.0 mL/min4>UV at 210 nm)
ORCD
L?N: 4’-O-methyl pentacecilide A (4) (1.90 mg, 0.0045 mmol, =S 91.8%) 
K 
 4’-O-Methyl-pentacecilide A (4): 1H-NMR (300 MHz, CDCl3) ! 0.97 (s, 3H), 1.09 (s, 3H), 
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1.19 (s, 3H), 1.37 (s, 1H), 1.55 (d, 3H, J = 6.0 Hz), 1.59 (m, 2H), 1.68, 2.05 (m, 2H), 1.86 (m, 
1H), 1.88 (m, 2H), 2.08, 2.24 (m, 2H), 2.43 (m, 2H), 2.45, 2.68 (m, 2H), 2.69, 2.78 (m, 2H), 
3.86 (s, 3H), 4.47 (m, 1H), 6.31 (s, 1H); HRESI-TOF-MS (m/z) found: 449.2261, calcd: 
449.2304 [M+Na]+ for C26H34NaO5 
 
3. 7@2"`zxruJ\G  
3-1dU[	a 
a 
? #@#NaBrNaClKClNaHCO3KH2PO4NaIo@<>n]	
OsM{FK (L) YBovine serum albumin (BSA)gentian 
violetn]phosphatidylcholinephosphatidylserinedicetylphosphate ?#(@
>oil red O4?./@A	 HAM’s F12 w !7>+='&":1
A (L) YNa2HPO412H2OAlK(SO4) 212H2Ohematoxylin&?A
"8A_n]_,*=9_o (EDTA4Na)+)!>],*=9 (SDS)
A]	6>7=AVfXQ (L) Y%>5' 
>w (DMEM)tk HANKSD-'# (sodium bicarbonatephenol 
red N) ~oqLcIeYZw GITw~q
LcIeYPenicillin (10,000 units/mL) / streptomycin (10,000 mg/mL) (P/S 
D ).&!A  (G-418 sulfate)MEM vitamins solution2.5% *=4!AD 
Invitorogen eYL-Glutamine (L-Gln) D (200 mM in saline)  CELOX 
CORPORATIONeYPvbRp (Fetal bovine serum (FBS)) Invitorogen 
eY56°C  30 jTHg (|F) ^[1-14C]
?A] (1.85 GBq/mmol) 	 [4-14C] ?#(@>PerkinElmereY
[1-14C]?> CoA (1.85 GBq/mmol) GE HelthcareeY 
 
[ 
 40 mLyEl&;3 (~q\h)Millipore filter (0.22 µm, Milliporee)25 Gm	
 30 mL!=A" (Terumo e)23 Gm
 5 mL!=A" (Nipro e)TLC (GF254
W; 0.5 mmMerck e)#<+&:A0 (Nunc e)YMC Duo-Filter (0.2 mm
YMC e) ^ 
 
dU} 
 7#ICR 7# (femaleSPF~ SLC) =$ ( 6 BSCi) 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")l®zfpË&·¥)É¬ºzfÂÍZ¬ºzfr
)}k 
 
mÀ 
 +?H.D<H3I ACAT1 # ACAT2 Oªq)³g CHO mÀ 79)  
Prof. L. L. Rudel (Wake Forest Univ., USA) $#%»ÉNS'
' ACAT1- # ACAT2-CHOmÀÎÃzfÂÍZ DNA  [zf
r)}k 
 
mÀ±Ì±¡ 
 HAM’s F12 ±¡ 400mL  FBS 50 mLMEM vitamins solution 5 mL1=94L 
(50mg/mL) 3 mL)Æ`¨©UmÀ±Ì±¡ (NSHAM ±¡Î&)  
ACAT1- # ACAT2-CHOmÀ HAM±¡)Ë±Ì 
 
²y¦Ð¿ 
 ²¦ÐBradford¿ 152) k²y¦ÐËuÈ (Bio Rad protein assay 
dye reagent (Bio Rad{)) )Ë¦ÐuÏ) Milli Q]| 0.8 mL
£ÊP²y¦ÐËuÈ (0.2 mL) )©U#
YÒhDU-640 
(BECKMAN {) )Ë 595 nm ¯¤_i«)¦BSA )67L8<
eÐ)n²Ð)¦¦Ð5 - 50 µg²Ðk 
 
3-2. C0K?*5tÁ§aµT¾¿ 
C-6¹jC0K?*5£^±Ì 14) 
 C-6~) wcs25 G ¶ 20 mL4HL5)ËC-6¹
j­ HANKS’ buffer (HANKS’ ¼Ä 9.8 g) Milli Q 1.0 LxRÊW7.5% 
NaHCO3 pH 7.37.6£hMillipore filter (0.22 µm) )Ë(VÇ`)kÅ
ÑM½) ) 5.0 mL¢®C-6¹¸) 100 XC:25h22 G 
¶ 5 mL4HL5¹j­mÀP)X´Ñ 50 mLAG69:09F
@¹j­mÀP)!Qh)	 GIT±¡ 5 mLdTürk 
 (gentian violet 2.0 g´ o 2.0 g ) Milli Q 200 mLÊW Türk½P
)100°]|pË) mÀ)¦hGIT±¡ 2.0 x 106 cells/mLmÀ
£96bAJ; 0.125 mL (48bAJ; 0.25 mL6G,<9EL
> 0.2 mL) ®'5.0% CO2 ,L/FB7­ 37°C12 v\±Ì
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_b¡#?+H9$-b¡j]d¨ 
 
Lipoprotein-deficient serum (LPDS) | 153) 
 FBS (30 mg protein/mL) 100 mL NaBr 29.5 g#§Q!# 40 mLKw¨1
C:KwX («|cr)KwH0 (« RP-65T) #¨
4 °C160,000 x g  45 gWKw#aKw_1C:t\! 
E>i#lNv# PERISTA MINI-PUMP (ATTO k) #¨
RnRnJ# P/S§J# 15 mLO PBS (-) (130 mM NaCl, 2 mM KCl, 8 
mM K2HPO4, 1.5 mM KH2PO4) 5.0 L  6R} (1R¦; 5-6gW2-5R¦; 12gW
	`U6R¦; 18-24gW) #a}_Millipore filter (0.22 µm) #¨"
P¥[#a-20 °C 
 
5.2% LPDS-DMEM| 
 DMEM§J (DMEM£ 9.5 g# Milli Qy30WhL§Q 1.0 LA.%2
;)4+G: 121 °C15W¥[_4 °C) 45.0 mL L-Gln
§J 0.9 mLP/S§J 0.9 mL7.5% NaHCO3 (NaHCO3 37.5 g# Milli QyhL§Q
 500 mLA.%2;Millipore filter (0.22 µm) #¨"P¥[) 1.63 mL
LPDS (36.6 mg protein/mL) 3.0 mL#O#¨g| 
 
E>/@| 
 pE>/@Inoue o| 13)phosphatidylcholine 
(1 mM)phosphatidylserine (1 mM)dicetylphosphate (0.2 mM) Y,G.3HF (1.5 
mM)  +HH=F@§J#f]VlH0E(7>G0T^E
8259&F@#cz!¤[| 0.3 M glucose (1.0 mL) #O
Mqª_ vortex mixer
S­xmv#E>/@
§J 
 
?+H9$-e¢v  
 .D'51BI7 (Nunck) ?+H9$-# 1 well GIT 200 µL 
 4.0 x 105 cells	12gW©_PBS(-)~u 200 µL LPDS-DMEM
`U_f¬ (A06F§J) # 2.0 µLE>/@# 8.0 µLO 
 5.0% CO2'I*C<0 37°C14 gW©_©t{#sZ
PBS(-) 3R~u!#3.7% =F?EI 10W^_Milli Qy 30
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60% 2-CPA?N 1²oil red OU (oil red O (1 g) * 2-CPA?N 
(100 mL) ½^S¥ºbÆ¸Å½U*|¸Å½U 18 mL Milli 
Q 12 mL*zyS¥º$bÆ(\s(U*UÀ¾"
(U p¾)  15²fÁ$ Milli Q 2²
fshematoxylinU (Milli Q  100 mL  hematoxylin 1.0 g *Zn«
[ZW$bÆMilli Q * 300 mL ZUW*X$NaI*
0.20 gZbÆ Milli Q* 300 mLZ' AlK(SO4) 2 50 g¶1PL
N 50 g	#!1.Q 1.0 gZbÆMilli Q 1.0 L)  5²f
Áucq®k (Vanox-S modelOlympas ) *¾l *}T 
 
±wH1PB+6ª£Ä¦´µ 14) 
 48oCO=H1PB+6* 1 well% GIT­¢ 250 µL£ 5.0 x 105 cells 
¬¨"12f­¿sPBS(-) 250 µL LPDS-DMEM­¢tes
Ã (J:?N½U)* 2.5 µL*§ZsMG9I 10 µL[1-14C]/O-Q (0.2 
mM1.85 kBq) 5 µL*§Z5.0% CO2-Q0KE:ª 37 °C14f­¿
­¿s­¿*i{·* PBS(-) 2 _'125 µL 
0.10% SDS-Tris/HCl (pH 7.5) {·*½^sBligh & Dyerµ 154)#%{·ª£
*¤¤U*V.@GO: (CVE-200DEYELA ) rR¬
]²'* 120 µL 1PPFNI:J:?N = 2: 1 ½^TLC 
(GF254v; 0.5 mmMerck )jD04Q: 6.;N.<N:  = 70: 30: 
1²ÂBAS2000 (°B-NI) *¾a³d (¡* A 
&) *¦3O7<MN.7<N (CE)=M,5N2M8PN (TG)
¹	#!MQ (PL)  Rf ¡ '' 0.660.550.38 h! 0.05 
CE  TG ''`d (% of contorol)  2.5 µL J:?N
*Z³d B*©¦% of control = A/B x 100 m~"
% of control  50% *Ã¬¨* IC50¡ 
 
M99I
$3O7<PN»	& CE`¯Y 
 Furuchi$´µx 44))5.2% LPDS-DMEM (0.25 mL/well) £
­¿H1PB+6CO2>?PQ (1.0 mg/mL, 2.5 µL) *§Z'*
5.0% CO2-Q0KE:ª 37°C1f­¿s[4-14C]3O7<PNg¼M
G9I 10 µL*§Z5.0% CO2-Q0KE:ª 37°C12f­¿
'*0.20% BSAg¼ wash buffer (150 mM NaCl50 mM Tris-HCl (pH 7.4)) 2_
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p
  (5.2% LPDS-DMEM (0.25 mL/well)) $KJ] 2.5 µL$
K  5.0% CO2&F(@;0 37°C5eQ[
ox$nT^ $ PBS(-) 2Nzp#125 µL 0.10% SDS-Tris/HCl (pH 
7.5) ^$M[Bligh & Dyer 154)!^ucg$mmH
$Ir'6=D0 (CVE-200DEYELA j) ZGlcgL#
$ 120 µL)EE<C>:?05C = 2: 1MTLC (GF254\; 0.5 mmMerck 
j)U:(+F: -'1C'3C: s` = 70: 30: 1BAS2000 (b7
&C>j) $ CE (Rf  0.66) iPu ($ A ") $~CE
yv}OPu (% of contorol) 2.5 µL ?05C$KeiPu B$
e~% of control = A/B x 100 V_% of control  50% $f
d$ IC50 
 
3-3 ACAT %&/,&>Pu~ 
ACAT1- S ACAT2-CHO ^ 52, 53) 
 T-75 flask (Corning j)  3Q HAM ^$ PBS (-) 10 mLzp
trypsin/EDTA4Na$ 3 mLK5.0% CO2&F(@;0 37°C5
Q^$HAM 17 mL$K50 mL9A.12)1@8
^$NkIr[10 mL HAMXTrypan blue{q^t
$~[HAM 0.5 x 106 cells/mLw^XH$ 48W9D4
 0.25 mL5.0% CO2&F(@;0 37 °C12eQ[h
YaT-75 flasko 90%*F7C'F4" 1.25 x 106 cells 
^tNk" 
 
ACAT1- S ACAT2-CHO ^*D.3BC'.3Cyv~ 53) 
 oR ACAT1-	 ACAT2-CHO ^$ HAM ^t 0.5 x 
106 cells/mLw#$ 48W9D4 1 well! HAM  250 µL 
1.25 x 105 cells5.0% CO2&F(@;0 37 °C12 eQ
"!80-90%*F7C'F4"[d (?05CH) 2.5 µL
[1-14C]Oleic acid (0.2 mM1.85 kBq) 5 µL$K"  6eQ[ox
$nT^ $ PBS (-) 2 Nzp#125 µL 0.1% SDS-Tris/HCl (pH 7.5) 
^$M[Bligh & Dyer  154)!^ucg$mmH$I
r'6=D0 (CVE-200D EYELA j) ZGl #|cgL $ 100 
µL)EE<C>:?05C = 2: 1 MTLC (GF254\; 0.5 mmMerckj) 
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mF/2V: 5-;S-=S: | = 70: 30: 1 ½ÇBAS2000 (º}C,
SM) )Å CE 6J<> (Rf £ 0.66) Àd)¬ACAT1 & 
ACAT2d (£) A &) ACAT1& ACAT2''d 
(% of contorol) 2.5 µLN:AS)]
Àd B)²¬% of 
control = A/B x 100 n{ % of control  50% )Éµ°) 
IC50£ 
 
K0UC*5$L0U9M^½¨ 
 ACATd¬wsL0U9M¨Field $ÁÂ 45)
¶ÆK0UC*5zÃ) PBS(-)>RE4V/EDTA4Na 3.0 mL)®]
5.0% CO2,V/PG:´ 37°C 5½gÀ¤zÃ)50 mL
EQ6;<0;PDzÃ)`Zt)lbuffer A (100 mM sucrose
50 mM KCl40 mM KH2PO430 mM EDTA (pH 7.2)) )h"fY 10 mL ¥p¡t
=CUVIO5@,3#%  10 `IO5@,7') ©Zk 
(Beckmann ) )Å4°C 100,000 x go1gZ½Ç)vª
¯¼) 5 mg protein/mL¢¸Ê&#	 buffer A j0.20 mL-<HV
?SC;PD½§t-80°C¿ 
 
ACAT wd¬ÁÂ 
 ACAT d¬Field$ÁÂ 45))X»a¾v(10 mL
qe1+<8,±% BSA 500 µgL0U9M^½ 75 µg ¢¸ÊÉ (N
:ASÄY) ) 10 µL]
ytÊ 198 µL&#	 buffer A)]

wÄY) 37 °C 5½g¿\t[1-14C].T.,S CoAiÄY 2.0 µL (2.0 µM, 3.7 
kBq) )]
w¹[)b~37 °C 5½g¿\t1.2 mL0UUISM:
N:AS = 1: 2 )]
¹[)«Bligh & DyerÂ 154)#%)`
¦Y)Z-BJT: (CVE-200D EYELA ) rWµ³$'^
½) 120 µL  0UUISM:N:AS = 2: 1ÄYÄ_TLC (GF254u; 0.5 
mmMerck ) mF/2V:5-;S-=S:| = 70: 30: 1 ­bÄ·½
ÇBAS2000 (º}C,SM) )Å CE6J<> (Rf£ 0.66) Àd)
¬ACAT dACAT cd¹[Y¥N:AS!) 10 µL
®] CEÀd) A (counts) 10 µLÉ (N:ASÄY) )
]
xÀd) B (counts) xÉµ°cÈ (%) = 
(1-B/A) x 100 )EU<>³$'1QC#%cÈ 50%)Éµ°) IC50
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4. mZt²¢Q  
4-1|isµw¯ 
w¯ 
 8H)>$+H (VCM)24C*$'DH (TC)+;G:G&*+H (CPFX) 
 NaCl¸k¯lc (Y) nThiazolyl bule tetrazolium bromide (MTTw
¯) +(>"E5D10,B9HY{U~n-4F;4>$+H
SM¬zT (Y) n0%6@$?<7@IPM	¹° ¯Y
n%D-G>$+H (EM) ©´«SWh_¡£xj.H/¥
!²N, N-,A0E=E@"?5 (DMF)v HCl\PWY
nMueller Hinton broth ^ Heart Infusion broth  DIFCO ~n
` yfFetal bovine serum (FBS)RH bioscience~n1.0% penicillin
10,000 unit/mL/streptomycin10 mg/mLpNJO P/S pN GIBCO ~
nRPMI-1640 IWAKI n 
 
 
 gd¥²}® Waksman  (1.0% (E)-, 0.50% <;4H, 
0.50% %&-, 0.30% NaCl, pH 7.0) !²gd Heart infusion 
broth agarHIA; 2.5
 Heart infusion broth, 1.5
 agar MRSAKLb!±
 IPM 10 µg/mL!R!² !­d+BF (I 90 
mm, \PW)  20 mL¤ 
 dN¡¶N]§¢Q Mueller Hinton broth (pH 7.3) 
!²<93#-'§¢QIPMRªR 2·
!²¯rªRMueller Hinton broth agar (2.1
 Mueller Hinton broth, 
1.5
 agar) ! IPMRMueller Hinton broth agar MRSAKL
b!± IPM ( 10 µg/mL) !R!² !­d+
BF (2oV+BF, MhPW)  20 mL¤g;F4Jurkat 
q¨³RPMI-164056°C30¤[ P FBS! 10% 
1.0% P/SpN!R!² 
 
4-2 MRSA IPM¯aXm MRSAX¢Q¦§ 
gd 
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 s°nydÏtj=R>"[ÍË¹+-ÀÐ/ÙÀÖc 
MRSA K-24+$ 92-1191c0Ó 
 
s°n"Å¥ÆÇ 
 s°n MRSA K-24+$ 92-11910Å¥Ó<MRB+-Tºo0HIA ª¸­!
\37°C20f¸Ô¸ Ôxw9QD,Tºo-Mueller 
Hinton broth 10 mL0g( 50 mL"©ve!n37°C20f¸Ô"¸
ÔV 200 µL0 40
 glycerol 200 µL~{ 20
 glycerol culture!¯xÓ.
& -80°CÅ¥ 
 
JGA3<7Ç 54) 
 s°n0Mueller Hinton broth 10 mL0g( 50 mL"©ve! glycerol culture,T
ºo0n37°C20f¸Ô"¸ÔV 1 mL0´¸­ 5 mL McFarland 
0.5 (Î 1	108 CFU/mL) ¢³!hnV 
 nV0Ã|Ùs½XSU] (Clinical and Laboratory Standards Institute, 
NLSI, k NCCLS) Ç!ÌnÈ (Émc]) s°IPB!²Ê
"IPB!` :RIO0'}&JGA3<7 (6 mm disk, ADVANTEC 
) 0®37°C20 f¸ÔxMRSA !¨.ynb0¡Wp (mm) !+
-»°:RIO«µ#%1ynb0 IPMÁÓynb0
:RIO0£lb-¾Y 
 
¼ØV§hÇ 54, 131) 
 MRSA !¨. MIC "¤°i$`yn!¨.£lb"¾Y#¶ÉXa
×Ça]½Ç"¼ØV§hÇ0^Äz 
 s°n#JGA3<7Ç´Ñ! 37°C20f¸Ô"¸ÔV 1.0 mL0
´¸­ 5.0 mLh (Î 1!107 CFU/mL) "hnV0,!´¸­ 9.0 mL
h*"0nV&,)`yn+$vX{¿"
20¬_ 2·hÚfin. 10240.00098 µg/mL0" EM+$Étj
uvX{¿!# MeOHÒV0Ó"¦#ÌnÕ Mill Q0
Óyn# IPM !Z8N9JI?Cq (FR9K4;RVCM)
2LE8N9;Cq (<BPIBK4;RSM)@BM:47NRq (@BM:47
NRTC)K7QM4Cq (5N<QK4;REM)6EQRq (;IQHQ6:;
RCPFX) 0Ó96 rIPB (Â±IPB, corstar ) ! Mueller Hinton broth 
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(90 µL) *L)&NxcZj (5.0 µL) *Laplate mixer (MX-4, lb{©) 
O³)xZH (5.0 µL) *LagO³37°C20 qT®
 VdZF$&),-Ch|* MIC 
 NxcZj(XQ 96^<D6Mueller Hinton broth (85 µL) *L
NxcZj (5.0 µL) *Lplate mixerO³) MRSA( MIC
 1/4(% xanthoradone² (5.0 µL) *LxZH (5.0 µL) *L
agO³37°C20qT®*d MIC*MRSA(NxcZ
jXQratio rtcZjq MICµg/mL xanthoradone²¢­
q MICµg/mL	*]mPeratio*W$K 
 
4-3 >073CcZQXk­K 
_Z£¥¦ 
 _Z( Candida albicans KF-1 R£ £­2AE6%'G[s* 
Waksman H 10 mL*U# 50 mL p`S~Z2748 qT´®
®H*n­(! -20£ 
 
=:5+2/¦ 131) 
 _Z*Waksman H 10 mL*U# 50 mLp`S£­u¨&G
[s~Z2748 qT´®)*x®H 4£
xZH 
 >073
CL<D6 GY agar*v a51¯£J
 Candida albicans KF-1Rx®H*z 0.10%(%LO³a
[<D6YG(%±f" 30 ¡T¤>073
CL
<D6 KF-1Rxa?48C 1.0 mg/mL>073
C¬H
*z 20 ng/mL(%L<D6}N1E<C*L=
:5+2/*2724 qT®acZQ*oI\ (mm) %'
 
 
4-3 i§K 
i§ 
 i§K RtMw.@E92%'¡«);6 T BE:yª°i§
( Jurkat i§*­ 
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MTT  132) 
 [~kAMTTfJurkat [ 2.0 x 105 cells/mLzmS96
N6:2 (Corning c)  50 µL y-;69 (1.0%8039&Ix
EZe}& 0.002 µg/mL ~ 200 µg/mLzp) & 50 µL|B37°C
24bHS5.5 mg/mL MTT ` (Thiazolyl bule tetrazolium bromide & 5.5 
mg/mL PBSzpES0.22 µm5'90 (Corninng c) DL)& 10 µL
|B37°C4bHS[E= (40%DMF20% SDS2.0% 
CH3COOH0.030% HClql &opjEzp) & 90 µL B
1bH
i	S550 nmJT}& (ElxBIO-TEK Instruments c) &s{IC50w&
\g 
 
4-4 unGkA 
 O{LnCFPKnaR/;0t<? 6d&]
A741'.*!#V1.0 mg/mL 8039=zp `
Q@X& 6 mm1'.* 10 µLYSGkA][L
 Mueller Hinton agar &_hL!W PDA &Bacillus 
subtilis KB27PCI219! Escherichia coli KB213NIHJ Nutrientx (0.50% 7
62;, 0.50% ()., pH 7.0) &37°C20 bH&VStaphylococcus 
aureus KB210 (ATCC6538p)Micrococcus luteus KB212 (ATCC9341)  Nutrient x&
3720 bH&VXanthomonas campestris pv. oryzae KB88  Nutrient 
x&2720  bH&VCandida albicans KF1 ! Mucor 
racemosus KF223 (IFO4581)  GY x (1.0% +9,., 0.50% W()., pH 6.0) 
&27°C20bH&V%"O{Lv$ULGkr^>Mmm
!#{ 
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  
 
 ;'Ĉã §·»^zÌ^hÕ ~­ù»; ð;ß 
<¡d³3;XF N ªO £\ ØvÊèð5»; ð;ß Ç°á3;
N N Ć/ ÄÞ Øv^ą 
 éXF
Ã¬D^zÌ^ åċ Âèý»; ð;ß Ú
¤áðÝ¦³;N N JÉ ÷ Øv`^ą 
 éXF e^Lā ~èý»; ð;ß Ú¤áðÝ¦³;N 
N Àj u Øvfx ÏÉ ÿ ØvN t ó ØvÍÑN É 
»8 ØvfmXF, àÉ þy Øv» ¸+ ØvÙ × ów ö
 ^ąXF¤<
«Ď¼êi
rQ)5»;!$%);XF"&#Üº¤üßî N » ± öRJG

Öú^LāÂèý»; èý¤ë5;XF Ú¤á}Z"&# f
x ²@ čć ØvXF, ï¿ W+ ö
 MRSA K-24 
 92-1191= âõ
Âèý»; èýXF c?¯ðXF"&# 6í ì Øv
?¾ 
 ôÌ¹s¦
 ò.[^zÌ ~èý»; ð;ß 
ðÝ¦³3;N N Á_ I ØvN »·ĉ £ öNMR ´Å

Āâ© ´Å^LāÂèý»; ð;ß 3;TKòBA N kË 
Ăwö¿® Pwö (H,)qß ­7wö (H,)N Á*Y+ć Øv?
 
 éXF |KeÂä Ûæ öEÉ Ąw ö½ ñgw ö
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